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INTRODUCTION 



The Anglo-Saxon race, in sundry climates and condiliooj 
and under divers forms of government, is unquestionabln 
pre-eminent to-day in the civilisation of the world. 

It is not alone because they are the greatest traders, but ' 
because they are at the same time the greatest navigators 
and engineers of the world that the English-speaking nations 
hold the proud primacy of race. Whether it he at the 
' first appearance of railways upon the Eastern hemisphere, or 
the first cable-knot between the old world and the new, or 
the development of virgin continents, and the carrying of a 
luxurious civilisation into the heart of nature's wilderness, 
the Anglo-Saxon is always at the front. 

The strengthening of the Anglo-Saxon bond from year 
' to year is more attributable to improved means of com- 
munication than to sentiment. The constantly conflicting 
-Interests of commerce, the intense rivalries of handicrafts, 
the minor jealousies of social life, fostered by selfish iso- 
lation, produce barriers which would increase and gulfs 
which would widen ; but the iron horse, the ocean grey- 
hound, and the subtler electric fluid are for ever making 
the men who speak the same tongue shake hands again. 
To the pioneer sunvyor, however, the field avai\a\Aa ta^ 
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ST enterprise is rapidly becoming less, whilst the n 
of surveyors increases. It becomes, therefore, more i 
more important for those who leave our shores to posi 
the handiest and most efficient instruments, to know the 1 
and most rapid methods of using them, and to underst 
the diverse conditions of the countries to which they gc 

The members' list of the British Institution of C 
Engineers has now reached the colossal total of about 
thousand. These figures alone would serve to show 
extent of the demand for foreign employment, for c 
there is not enough home work to go round so many ; 1 
especially in the department of surveying, the Institution 
gives but little idea of the number of young men who 
issuing year by year from pupilage or college with their 
on our distant dependencies. 

It is furthermore a noteworthy fact that, especially 
surveyors, although the field of engineering enterprise is 
coming greater and greater, the colonial door is closed 
young Englishmen, just as soon as men can be trained abrq 
Both in Canada and Australia, a diploma is needed 
qualify a man to practise as a land-surveyor ; the stui 
for which cannot be easily pursued in England. 

In the case of India the Government have met 
difficulty by giving their men the special training net 
for that country at Cooper's Hil! College, but the dot 
closed to others. 

In the Colonies the reason of this is because in the I 

place Australians are independent m their ideas, but i 

very much because the young English survc)Or is too oft 

n importer of instruments of which he knons little intt 

Hintiy of which he knows Jess, so they prefer to edut 

\engineeTS on the spot. 



lings have changed for the better, no doubt, but | 

Bnt twenty years ago it seemed as if the English engineer ■ 
' were educated as much as possible in things he coitld not 
Dse, and as h'ttle as possible in things which would l>e 

1 by him in a new country. The writer enjoyed the '^ 
last two years of the lectures of one of the most celebrated 
professors of engineering of his day, and purchased the whole 
of that scientist's textbooks ; but it is a significant fact that 
oneof the former students earned his living by explaining after 
Sie lecture what the professor had meant to convey to his 
limera. Finding a year or two afterwards that he could 
et the kind of information he wanted in a smaller compass 
and simpler language the writer parted with his little library 
of textbooks. 

The same drawbacks attended the pupil in the engineer's , 
See as the student in the university. 

Men were not then made to keep their levels in adjust- 
nient, but allowed to run to the nearest instrument -maker. 

T were never taught the American method of levelling 
or curve- ranging, and the road and railway making which 
Ibfiy learned was that which was suitable to a country 
like England, but of little use for the Colonies. The con- 
sequence has been that when they arrived there they were 
tlirown upon their own ingenuity, and produced a conglome- 
rate of different types of construction upon different gauges, 
which has been the reverse of profitable to the investors and 
without reflecting much credit upon themselves. 

On the Canadian Pacific Railway the writer rarely met 
» young engineer fresh from England who could quickly 
adjust his level or theodolite or who knew anjihing of the 
American s>^tem ol curve-ranging or had the least tio\;\ou 
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It has been the fashion to criticise America f 
ekedp railways, Her nuraeroua gailg&s, her aronSHU? 
curve-rangitig, arid in fact' everything that was riot the way 
we do it in England. This has been the language of those 
whb KSve Either not been there or Who have not understood 
the methods adopted there when casually observing theih 
with a biassed judgment on a passing visit. 
I The American is just an Anglo-Saxon like ourselves, 
I orilywith a little more liberty and a great deal monfi Scope. 

■ He is not at all ashamed to come and learn from the otij 
■.'country what age and experience have qualified her to t'eacn 
VHm, but in the handling of a virgin colony, with great 
Bim'developed resources, we may do well to learn of him. 

I In simplicity of survey practice, uniformity of gauge, 
K^rpes of bridges and of rolling stock, the American engi- 
[neer may be profitably (though not slavishly) imitated in 
BjBe work of opening out a new sphere of enterprise such 
Bas our recently acquired colonies, and it is to be hoped 
Kfiiat, profiting by past experience, English engineers will fiise 
ESheir ideas into something like uniformity 4nd produce a 
Bli&mDnious construction. 

V The methods of surveying considered in the following 
Bfages are by no means exclusively American. In the 
Bctass of work formerly called telemetry, but now tacheo- 
Kin^ry, we have to go to Italians, French, and Germans for 
Klfiost of the original conceptions and the best modem 
Bdevelopments. Comparatively few English engineers 
K&allf practise tfiese methods unless they have learned them 
KU^o^d, although some are thoroughly proficient in them. 

■ The title of this book, ' Preliminary Survey,' is American, 
W^ answers somewhat to out ' ParUamenla.!^ Work ; ' but it 
Bcisra a wider range, in fact the whoVe science oi ^uTNe^jissi 
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in condensed form with the exception of those minute 
details where very great accuracy is needed, 

Tlie object in view has been to present to the young- 
engineer going abroad a handy vade-mecitm which with the' 
necessary tables will enable him to carry out a survey in a new 
country rapidly, correctly, and according to the ideas and 
requirements of the people. It has also been sought to furnish 
in tlie first and third chapters an aide-mkntoire to tlie expe- 
rienced surveyor for his assistance in roughly estimating the 
tost of the proposed works, and so to guide his decision in 
the case of alternative routes and situations. 

Considerable use has been made of standard authorities 
On both sides of the Atlantic, but the subject matter is in 
the main the result of actual experience. Tlie necessary 
Mltapactness of such a work has made it eclectic. Some 
methods have been passed over with slender comment, 
although occupying much space in other textbooks. On 
ttie other hand such subjects as tacheometry, computation 
by diagram and slide-rule, signalling, &c., which are as yet 
bardly known to the general public except in pamphlet form, 
^ehere treated of at considerable length. An attempt has 
been made to explain the elements of astronomy, as far as 
they are needed in the simple problems used by the surveyor, 
in such a manner as will be understood by those having no 
PKvioiis knowledge of the subject, and a great many of the 
'^sfinitions which take up much space in ordinary textbooks 
MVebeen placed in a glossary. No tables are given which 
We to be found in the Nautical Alreianac or in ordinary 
■"^hematical tables, as these have to form part of the 
•""eyor's impedimenta. 

The ioDomng extract from the Statute \)ooV gV 
^mon of Canada will give a fair idea o£ 'w'Via.t \ 
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Jneer surveyor in any of the colonies should know, botl^ 
in theory and practice. Both in Australia and India survey 
practice is carried on very much in the American manner- 
The subjects enumerated in the Canadian statute are no* 
treated so much in detail in this work, in order to leay^' 
space for other subjects, such as tacheometry and curve- 
ranging, which are equally useful to the railway man. 

The author desires to express his acknowledgments for" 
a great deal of useful material to the following gentlemen 
who have kindly given their courteous permission to use 
tables, maps, diagrams, and formulse in works of which they 
are either the authors or custodians : 

James Forrest, Esq., Secretary Inst C.E. and editor ofa 
'Minutes of Proceedings.' 

Captain Wharton, Hydrographer to the Navy, and autb(X 
of ' Hydrography.' 

A. M. Wellington, Esq., C.E., editor of 'Enginee 
News,' New York, and author of standard works referred t( 
in the text. 

John C. Trautwine, Esq. (jun.), editor of Trautwine's 
' Pocket Book.' 

Other authorities on different subjects have been also 
referred to, and acknowledged in different parts of the book. 

The calculations in chapters three and eight have been 
very kindly checked by an old friend, Mr. William T. 
Olive, Resident Engineer on the Manchester Main Drainage ; 
most of the other figures have been checked in one way or 
another, but it is possible in a first edition that errors may 
still remain undetected, and any information as to mistakes 
in the text, figures, or diagrams will be gladly welcomed by 
the author. 



' Qualifications of the Dominion Land and 
Topographical Surveyor 

49 Victoria, Chapter 17. Royal assent. May 3^, 
1883. {Dominion of Canada.) 

99. No person shall receive a commission from the 
Board of Examiners authorising him to practise as a Dominion 
land surveyor until he has attained the full age of twenty- 
one years, and has passed a satisfactory examination before 
the said Board on the following subjects; that is to say: 
Euclid first four books, and propositions first to twenty-first 
of the sL\tb book ; plane trigonometry, so far as it includes 
solution of triangles ; the use of logarithms, mensuration of 
superficies, including the calculation of the area of right-lined 
figures by latitude and departure, and the dividing or laying 
off of land ; a knowledge of the rules for the solution of 
spherical triangles, and of their use in the apphcation to 
sunreying of the following elementary problems of practical 
astronomy, 

I. To ascertain the latitude of a place from an observa- 
tion of a meridian altitude of the sun or of a star. 

I. To obtain the local time and the azimuth from an 
observed altitude of the sun or a star. 

From an observed azimuth of a circumpolar star, when 
3' ils greatest elongation from the meridian, to ascertain the 
<i'ifl:tion of the latter. 

He must be practically familiar with surveying opera- 
wins, and capable of intelligently reporting thereon, and be, 
cnnversant with the keeping of field notes, their plotting,, 
"id representation on plans of survey, the descrvbm^ of 
Iwtf by metes and bounds for title, and with tVve adJioSilr 



lents and methods of use of ordinary surveying instruments 
Ind must also be perfectly conversant with the system c 
survey as embodied in this Act, and with the manual of 
standing instructions and regulations published by the 
authority of the Minister of the Interior from time to time 
for the guidance of Dominion land surveyors. 

loz. Any person entitled to receive, or already possess- 
ing a commission as Dominion land surveyor, and having 
previously given the notice prescribed in clause 98 of this 
Act, may be examined as to the knowledge he may possess 
of the following subjects relating to the higher surveying, 
qualifying him, in addition to the performance of the duties 
declared by this Act to be within the competence of 
Dominion land surveyors, for the prosecution of extensive 
geodetic or topographic surveys, or those of geographic 
exploration, that is to say : 

1. Algebra, including "quadratic equations, series, and 
calculation of logarithms. 

2. The analytic deduction of formulas of plane and 
spherical trigonometry. 

3. The plane co-ordinate geometry of the point, straight 
line, the circle, and ellipse, transformation of co-ordinates, 
and the determination, either geometrically or analytically, 
of the radius of curvature at any point in an ellipse. 

4. Projections : the theory of those usually employed in 
the delineation of spheric surfaces. 

5. Method of trigonometric surveying : of observing 
the angles and calculating the sides of large triangles on 
the earth's surface, and of obtaining the differences of 
latitude and longitude of points in a series of such triangles, 
having regard to the effect of the figure of the earth. 

A The portion of the theory of pTa«vca.\ asWonomy 



rdaijng to the delenni nation of the geographic position q 

n the earth's surface, and ihe direction of lines c 
the same, that is to say : 

Methods of determining latitude. 

a. By circuni- meridian altitudes. 

b. By differences of meridional zenith distance (Talcott'a ■] 
method). 

; By transits across prime vertical. 
' Determination of azimuth. 

. By extra- meridional observations. 
. By meridian transits. 
^ Determination of lime. 
. By equal altitudes. 
te. By meridian transits. 
Determination of differences of longitude. 
. By electric telegraph. 
f i. By moon -culminating stars. 
7. The theory of the instruments used in connectia 
h the foregoing, that is to say, the sextant or reflectii 
circle, altitude and azimuth instrument, astronomic transi^ 
zenith telescope, and the management of chronometers ; a 
of the ordinary meteorological instruments, barometC 
(mercury and aneroid), thermometers, ordinary and t 
registering, anemometer, and rain gauges, and on his knowA 
ledge of the use of the same. 

iS Gre.^t George Street, Lo:sdon, S.W., 1890. 
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CHAPTER I 

GENERAL CONSIDERATIONS 

1 The following remarks will be more applicable to railwaj 
' leconnaissance, though much of the principle contained ii 

them is also that which guides the surveyor for trunk road 

for military or commercial transportation. 

Qualifications of the Survevor 

The man who is first in the field should he a man ( 
wide range of experience rather than a minute technologis 
He is usually given much discretionary power as to hi 
location. He has also advisory powers, or rather dutJei 
which are great responsibilities. He is called upon to repM 
Upon the scheme from a bare possibility down to a desirabl 
investment. Before engaging his services, the promote 
have generally made up their minds that there must t 
'money in it,' and they want, like most other people, I 
obtain a maximum of good showing for a minimum amoui 
^flf outlay. 

The surveyor is generally disposed to favout -d. ■» 
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undertaking, because, however much or little money there 
may be in it for him, there is likely to be * work in it,' and he 
has often to resist the natural tendency to make too good 
a showing. 

There are several considerations which likewise influence 
him in this direction. Shareholders always expect a sanguine 
report, and take discount off it in any case ; so that a mode- 
rate report is to them a bad one. There is a moral certainty 
that, however carefully a walk-over survey may be made, a 
revised location will show a material improvement in the 
line of economy or efficiency, or both, and therefore the 
surveyor is tempted to make allowance for this in his trial 
profile. He is, perhaps, well aware that the nearer his profile 
resembles the surface of a billiard table the better he will 
please his employers. 

When the country is so rough that chaining is out of the 
question — unless he is able to adopt one of the rapid methods 
to which these pages are meant to draw attention — a large 
clement of conjecture enters into his calculations, and he 
is naturally disposed to conjecture favourably rather than 
critically. 

Subject Matter ok a Railway Report 

The surveyor is generally called upon to advise his 
promoters — 

1. Whether any kind of line is feasible. 

2. Whether it is likely to be profitable. 

3. What type of railway would be most suitable, and 
what style of rolling-stock. 

4. He is to furnish a plan, profile, and estimate of one 
or more routes which he considers eligible. 

All these points are closely connected. One kind of 
line is feasible where another is wholly impracticable ; a light, 
cheap railway will often yield a handsome dividend where a 
heavy line would never emerge from the hands of a receiver. 
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y On the other hand, a light railway built to carry fuavy traffic 

will probably be wedged out of existence by a higher-class 

competing line. The style of rolling-stock procurable to 

handle the business often regulates the location as much as 

i}^t location rules the rolling-stock. The route is dependent 

on the topography to a great extent, but the situation of towns 

with which communication is necessary often overrides the 

consideration of topography. 

It is only experience which can enable an engineer to 
form rapidly and correctly the general idea of the class of 
line suited to the circumstances. If, as is often the case, • 
gauge and rolling-stock are fixed factors in the problem, 
there remain the questions of grades and curves, which must 
be to a large extent dependent upon the topography, and it 
is there that the judgment of the surveyor is most needed, 
both in the limiting and the arrangement of these vital 
elements of a railway. 

AVith regard to the first point oi feasibility. This has 
almost dropped out of the reckoning of to-day. It may be 
taken for granted that a railway can be constructed nearly 
anywhere. The only insurmountable difficulties to railway 
projects are, first, lack of funds ; second, opposition of 
vested interests. It is another thing when we come to the 
question of — 

Whether it will pay. Here the engineer has to study, 
I. AVhat the existing traffic of the district is, and how it 
would be likely to be affected by the introduction of a rail- 
way. 2. What is the probability of the traffic being handled 
by some other means of transit in competition. 3. What rates 
can be commanded, and whether it will be in the main a 
through or a local traffic. 4. What is the outlook for 
development of the business, with any possibly counteracting 
causes. 5. Probabilities of another competing railway in 
the future. 

All these subjects dovetail themselves into l\v^ SieXw^X 
recopnafssance of the route ; engineering difEvc\i\\.\e^ ^vn^ 
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way to commercial exigencies and vice vers^^ until the sur- 
veyor has evolved his ideas of a line with maximum efficiency 
at minimum cost which will command the maximum amount 
of business. 

The climate in which the undertaking is to be carried on 
is a very important consideration. In tropical climates the 
use of timber is to be avoided where possible, on account 
of predatory insects and the rapid decay produced by alter- 
nations of hot sun and heavy rains. The rainy season 
'^ regularly changes the trickling rivulet into the mighty river, 
and these actions of the weather greatly affect the construction 
of culverts and bridges, and therefore, indirectly, the location. 
In some places streams are turned into tunnels to save build- 
ing culverts, and an overflow channel provided at the junction 
of an embankment and side-hill for abnormal freshets. 

In cold climates snowsheds are a very costly item, and 
the study of the principles of drifting snow will often modify 
the location. 

The general topography also radically affects the location. 
It rules both gradients and curvature and the t)^e both of 
gauge and equipment. 

If the land falls toward the seaboard, with a heavier export 
than import trade — such as a mineral railway which only, 
takes back lumber, agricultural produce, and so forth — the 
gradients can be steeper than would be otherwise permis- 
sible ; the rule being then to adopt that which can be sur- 
mounted as a contrary grade by the light traffic. 

The method of * bunching,' or concentrating the severe 
gradients in order to handle them specially, is a very im- 
portant one. The best policy for a new country is to carry 
long trains as far as possible with one engine^ and then to 
divide them on a turn-out and take them over the climb in 
sections, or else to provide an assistant engine for the 
district. 

The following table (No. XXIV. of Mr. Wellington's 
-*^andard work on American * Railway Location ') shows the 
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engine ton-mileage required to move i ton of net load (ex. 
engine) I GO miles on a level, except for a rise of 2,400 feet 
on different grades, worked with assistant engines : according 
^0 the average daily experience of American railways. 



Table I. — Tract iott on Grades. 



^te of 
8*adeon 
incline 



'^et per mile 


miles 


24 


100 


30 


60 


80 


30 


100 


24 


120 


20 


150 


16 


200 


12 



Length 

of 
incline 



Length of 
level 
track 



miles 

40 
70 

76 
80 

84 

88 



Engine ton-mileage per ton of 
net load moved loo miles 



While on 
incline 



While on 
level track 



1*056 




0862 


0-210 


0760 


0-369 


0-7SS 


0-400 


0766 


0-421 


0-803 


0-442 


0*900 


0-463 



Total 


1-056 


1*072 


I -129 


I-I55 
1-187 


1*245 
1*363 



* It would be seen that the rate of incline had an incon- 
sicierable influence on the motive power required, for the 
'■^a.son, largely, that the length of the run on which large 
power was required decreased pari passu with the increase 
^^ rate, which was not the case with through grades. 

*In this table moreover it was assumed that the total 
length of the road remained uniform at 100 miles, whatever 
^"^e rate of grade adopted for the high-grade section. This 
^s ordinarily quite out of the question, the lower grade being 
Usually attainable only by adding so much further develop- 
ment within an approximately uniform air-line distance. 

'Assuming, for example, that in the above table eighty 
^ks of level track was essential in any case, and that in the 
'^Cttiaining air- line distance of twenty miles, any one of the 
*oove rates of pusher-grades from twenty-four to 200 feet 
P^r mile was obtainable, but only by development — a rather 
^^eme assumption, but sufficient for illMSttaVioxv— \.\Nfe 
^hle would thus read : '— 



I 

. \ 
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Table II. — Traction on Grades. 







Length 




Engine ton-mileage per ton of net 








1 load moved between the incline 


Rate of 
grade. 

ft. per mile 


Incline 
miles 


Level 

miles 


Total 
miles 






While on 
incline 


While on 
level track 


Total 






24 


100 


80 


180 


I 056 


0-421 


1-477 


30 


60 


80 . 


140 


0-862 


0-421 


1*283 


1 80 


30 


80 


1 10 


0760 


0-421 


i-i8i 


ICX> 


24 


80 1 


104 


0755 


0-421 


1-176 


120 


20 


80 


100 


0766 


0-421 


1-187 


150 


16 


84 


100 


0-803 


0-442 


I -245 


200 


12 


88 


100 


0-900 


0-463 


1-363 



Table III. — Adjusimetit of Gradients for Assistant Engines, according 
to the Average Daily Performance on American Railways, {H. M. 
Wellington. ) 



1 

1 

Ruling 
grade 


Grade at which the same train can be drawn by the aid of 


One 


assistant engine 


Two assistant engines 


worked by ; 






1 








one engine 1 




Heavier by 




Heavier bv 


in feet 
per mile 


Of equal 
weight on ; 







Of equal 
weight on 










1 


drivers 


20 per 


40 per 


drivers 


20 per 


40 per 


level 


i 
24 


cent. j 
29 


cent. 

33 


46 1 


cent. 


cent. 


54 


62 


i 10 


42 i 


48 


53 


70 


80 


90 


1 20 


59 


66 


72 


92 , 


104 


116 


1 30 


76 : 


84 , 


91 


113 


126 


n^ 


1 40 


92 


lOI 1 


109 


133 


147 


160 


50 


107 


117 


126 


152 


167 


180 


60 


122 


133 1 


142 


169 


185 


199 ! 


70 


136 


148 


158 


! 185 


201 


216 


80 


150 


162 


173 


201 


217 


232 


90 


164 


176 


187 


216 


232 


247 ' 


100 


177 


189 


201 


230 


247 


261 1 


no 


190 


202 


214 


- — 


— 


— \ 


120 


203 


215 


227 


1 




\ 


130 


215 


227 


239 








140 


227 


239 


251 


— 




— 


150 

/ 


238 


250 


262 


\ 




\ 



A 
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Caution. In calculating the increase of motive power due 

o Severe gradients, the wear and tear on locomotives, such 

.^ the * thrashing' of an engine up a steep incline by an 

'^Experienced driver, is an item which, though difficult to 

^^^cvilate, should be allowed for by a large margin. 

The assumptions in the above table are that the rolling 
* '"let ion on the level is 10 lbs. per ton ; for lower frictions 
^'^^ gradients are proportionally lessened. The gradients 
'^^^ compensated for curvature. 

A good method of overcoming steep gradients is by 

^^e Abt rack system. The special feature al)out it is that 

sections of mountain line can be worked thus without 

^hanging gauge or altering the rolling stock. The loco- 

raotives do not depend on adhesion, therefore they can be 

much lighter just where the construction of bridges is the 

most serious item. 

The Abt system is also specially adapted to short branch 
mountain lines. 

The notes and memoranda that the surveyor wants are 

to give him a general but accurate idea of the alternative 

a.dvantages of the different schemes that arise, and it is 

with that object that the chapter on Graphic Calculation 

^ been added ; condensed to its utmost limit. 

In selecting a route and deciding upon the class of line 
tor a railway scheme it should be considered — 

^ini: If a competing line, how to obtain a pronounced 
superiority to the existing one, either on the score of 
Qnciency or economy. 

Second: If the first in the district, how without wasteful 
expenditure to secure primacy. That is to obtain a line which 
^1 so handle the existing and prospective business as to 
f^i^ttsown^ and that the best, of the business. 

In order to ensure that his line will be suitable to the 
^^re mode of working it, the surveyor should be acquainted 
7^ ^ith the ordinary and tht special types o^ io\\m^-^\.oO«. 
^^^ to be used. In new countries it \^ es^eTv\Ss\ Xc^ 
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economy that the engines and cars should be flexible, not 
only as regards side-play, but also, if one may coin the term, 
* up and down ' play. 

It is furthermore necessary that level crossings should 
be permitted over all country highways, and, when on the 
level prairie, over existing railways also. 

Station buildings should be very primitive, and the 
booking performed on the train. 

It was stated by Mr. J. C. Mackay at the Institution of 
Civil Engineers in 1886, that *the present railways of the 
Cape Colony had been constructed on a lavish scale with 
rails weighing 60 lbs. per yard, and expensive stations, some 
of them costing over 20,000/., while the railways alone had 
cost 8,000/. per mile. This great expenditure had been 
incurred ^r the sake of conveying one train per day, in some 
cases only one train every other day, and the consequence 
was that the revenue did not pay one half the interest on 
the loan, after deducting working expenses, and the working 
of these lines was obliged to be carried on in such a manner 
that the bullock waggon competed successfully with the rail- 
ways, 

'At Kimberley, with its 1,500 passengers and 350 tons 
of goods per mile of railway per annum, a line with rails of 
60 lbs. per yard, and expensive rolling-stock and stations, 
had been adopted.' 

The writer is not in a position to verify at the moment 
the accuracy of these figures, nor to state to what extent 
they may be modified by subsequent development of 
the districts ; "but as they stand, reflecting most adversely 
upon the judgment of the promoters and the engineers, it 
should be added as a qualification that they only serve to 
show one side of the question, but that which needs to 
be most emphasised for a new country — the danger of put- 
ting old-country ideas upon young-country shoulders. The 
counter-evil of putting down poor lines where there is busi- 
ness for good ones, probably to pad the promoters' pockets, 



lias plenty of illustrations both at home and abroad, and the 
fngineer is too often conipelied against his judgment ti 
make both his location and construction suit the 'spirit o 
itie times.' 

The former evi! of wasteful or even premature expendi 
ture is one which greatly checks the inflow of fresh capital' 
into a country. A receiver is a perfect scarecrow to fresh 
Enterprise. Purely speculative railway -making is as great 2' 
Wndnmce to bonA fide utidertakings as jerry-building ii 
smaller sphere ; whether it come in the form of too good Of 
too bad a line of railway. 
f A single line with properly arranged passing places, 

t tails 30 to 40 lbs. per yard, en^nes of 1 5 to 20 tons, in easy 
countty, can be built for 4,000/, per mile, including the 
[ ^uipment, in almost all parts of the globe ; provided that 
™f line starts from the seaboard, or from a place in rail- 
connection with the seaboard. 
j This hne, properly located, is capable of handling i,ooc 

I ^la of freight per day, and is, therefore, even with low rates, 
'"a position to yield a handsome profit to the investors. 
°Qttingnet receipts at ji/. per ton-mile, it would return 9^ per 
f*iil. on the cost of construction with that volume of business. 

'^fPRoxiMATE Rule for findinc; the Amount dp 
I Traffic required to pav five per cent, on the 

Cost of Construction of a Railwav. 

Assumplmis. Tariff, "i^d. per ton-mile for passengers 
ind freight. Passengers reckoned at two tons each, 
£j[penses '%od. per ton-mile. Net receipts, '251/. per ton- 
mile. 365 days to the working year. 

Traffic in tons per diem ^ cost in £, per mile x \^\S. 
Example : On a road costing 4,000/. per mile, the traffic 
needed in tons per diem=4,ooo X'i3i5;=526, The amount 
of traffic required varies inversely as the net value of tKe- 
T ton -mile. 
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Therefore for any other net value such as '^z^- P^i" ton- 
mile, the amount of traffic is found by the slide-rule in the 
following manner : 

Place the given value -53^?. on the upper scale of the 
slide under the '25 on the rule. Find the required multiplier 
0*62 on the rule opposite to the 131 5 on the slide. Leave 
the brass marker at 62 on the rule, and make a i of the 
slide coincide with it. Then the result, 248 tons, will be 
found on the rule opposite to 4,000/. cost, or 186 tons 
opposite to 3,000/. cost and so on. 

Converse Rule 

To find the percentage on cost of construction when 
the argument is : 

I. The tonnage of freight per day (average of 365 days). 

2'. The net profit per ton mile in decimals of a penny. 

3. The cost of construction of one mile in J[^ sterling. 

Multiply the tonnage by the profit. Divide the product 
by the cost of construction. Multiply the quotient by 
152*1. Result is the percentage. 

Example, 

Data are : Daily tonnage .... 542 
Net receipts per ton-mile . '47^. 

Cost of construction per mile . 4650/. 



By Slide-Rule, using lower scales of Slide and 

Rule 

Place a i of the slide over the 542 (tonnage) on the 
rule. Place the brass marker at 47 (receipts) on the slide. 
Place 465 (cost) on the slide at the marker. Place the 
marker at the right-hand i of the slide. Place the left-hand 
I of the slide at the brass marker. Read the percentage 
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8*34 on the rule opposite to the constant 152-1 on the 
slide.' (The operation can be done in about 35 seconds.) 

Mr. Robert Gordon in his paper on Economic Construc- 
tion of Railways, *Min. Proc. Inst. C.E./ gives a note on 
the problem of the maximum capacit}' of a single track, 
quoting from Mr. Thompson of the New York, Pennsylvania, 
and Ohio Railroad (* Railway Gazette,' 1884, 1-43). He 
says that for trains running an average of twenty miles per 
^our, the most economical speed for freight, the maximum 

• 

Js reached with stations 37 miles apart, when with an 

allowance of six minutes' detention for each train crossed, and 

^iglit minutes extra for each passenger train passed, it is 

found that the limit is reached when the time of detention 

equals that of running in the 24 hours, which gives sixty 

drains per day both ways. For fifty trains and over, the 

^r^ck should be doubled between the termini and the 

'^^xt stations. In practice it is found that grades limit the 

'^^mber of cars run in a train, so that, if forty loaded cars be ' 

•^^e ordinary number on the level, only twenty are taken 

^^cr an undulating country by a single engine. Actually, 

^^ Mr. Thompson's division, 98 miles in length, the 

Standard engine takes nineteen cars, the Mogul twenty- 

^hree cars, and the Consolidation thirty-three cars each per 
train.2 

Th type of railway is affected first of all by grade. There 

' For the explanation of the principle of the slide-rule see pp. 

242, &c., also 361, &c. 

fhe total annual expenses on railroads in the United States usu- 
/ range between 65 and 130 cents {2s. %\d. and 5j. $d,) per train- 

'""c> that is, per mile actually run by trains. Also between i and 2 

5?^^ (J and \d.) per ton of freight and per passenger carried one mile, 
^en a road does a very large business, and of such a character that 
^ ^^aitis may be heavy and the cars full (as in coal -carrying roads), the 
Pense per train-mile becomes large, but that per ton or passenger ^ 

. ^ * > and vice versd, although on coal-roads half the train-miles are 
^^Oapty cars. — Trau twine's ' Engineer Pocket Book.'' 
* «e a/^, at p. 21, Table of ' Earnings of ATneuca.i\ ^aWva^c^s.' 
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can be no question that there are many light narrow-pu^ ■ 
railways which are earning a good return on the capital 
which could not have kept their heads above water as 
standard- gauge railways. It is true, on the other hand, that 
a very large mileage of narrow gauge is every year being 
converted into standard gauge, in order to avoid breaking 
bulk. Surveyors arc not gifted with prophecy to know what 
the changes of the next fifty years will be, but a fair amount 
of experience will enable them to tell whether the line will 
always remain a feeder, or whether it is likely to form part of 
a trunk line. 

The narrow gauge enables the engineer to adopt curves 
of very small radius, but then he must keep to a flexible 
type of locomotive and car which involves lighter loads and 
less speed ; consequently, less business done for the same 
labour and superintendence. 

A theoretically perfect railway is an air-line on a dead 
level between two points, and yet, apart from its cost, in 
nine cases out of ten it would not be the best line. 

A great deal of the sinuosity of a well laid-out railway in 
a new country is productive. It carries the trains to where 
the business is or where it is going to be. 

Sometimes the local traffic is the major part of the busi- 
ness. It generally commands a higher rate than through 
traffic, and it would be a serious mistake to straighten a line 
to catch through traffic of small bulk carried at cut-rates and 
by so doing to lose a steady monopoly of a lucrative local 
business. 

Bad gradients are worse than sharp curves ; the latter 
can be to a great extent mitigated in their discomfort by 
well-made carriages ; in their resistance by flexible locomo- 
tive frames ; and in their danger by careful signalling. But 
gravity no skill can dispose of, and bad gradients have killed 
many a promising line. 

Considerable opportunity exists in every line ot railway 
for arrapg^emenf of the curves and grad\en\.s ^o ;xs \.o Tcake 
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[ ^iem as little objectionable as possible. The first question 

for the surveyor is whether or not the construction is to 

ibe homogeneous. If, for instance, he has to traverse level 

prairie for fifty miles, then cross a range of hills 3,000 feet 

h^h within an air-distance of another fifty miles, then another 

stretch of prairie of fifty miles, he has to consider whether 

it would be advisable to develop his mountain section for 

better gradients or whether he should arrange the line for 

a different class of locomotives in the three sections. All 

this affects the location. 

The two main points to be borne in mind with regard to 
curvature are the speed at which trains will have to run and 
the kind of rolling-stock which will have to be carried. The 
following Tables IV. to IX. from Mr. Wellington's book 
already referred to will be found useful in fixing the limit 
of curvature and gradient to be adopted on a new line. The 
American curve-nomenclature is explained in Chapter VII. 



Table IV. — Resistance on Curves, 



Type of engine 



Weijjht 
inl 



gnt 
bs. 



' T ^»»»k /xr^»v.^<>iK«eA' Resistance on 4° curve 
Length of wheelbase ^ ^^ ,^jj^^ p^^^ j^^^^ 



American 
Ten-wheel . 
CoDsolidation 



101,000 
123,000 
136,000 



Rigid 



Total 



7' 6" 
12' 5" 
14' 6i 



21' lof" 
23' 8" 
21' \" 



Total ^^- P*"^ ' ^^S- P**" 
^°'^^ . ton degree 



1963 390 
1750 I 28*4 

1850 I 20 -o 



975 
7-1 

S-o 



- 1 



Note, — Consolidation engines are made to run round a Wye (see 
p. 240) with curves of 136 feet radius without any trouble. 



Name of Railway 



Average Curvature per mile on some of the Raihuays in the Rocky 

Mountains, 

Length of 

section. 

miles 

Colorado Central 34 

Virginia, Truckee 22 

Union Pacific . . . . '65 

Texas Centra] 143 

Southern Pacific .... 



142 



Average 
degree 
per mile 

420 
278 

59 
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II 

i,-B 
35-5 


|i 
Is 

SS-9 




Irjljg^. 



The column ' Rise i>er mile ' gives the average excess 
of rise over the fall in one mile. The next column gives the 
feet of rise and fall. Thus, if a road rose 500 feet and fell 
!0o in 100 miles, it would be given above : Rise per mile 
3-0, RiKO and fall a'o. The first quantity is an unavoidable 
necessity, due to difference of level at the termini. 

From the same work, on the authority of Mr. M. N. 
Forney, locomotive expert, it is stated that : 



Table VI. -Ci 



IsforJUced Whiel Bases. 



:5 3 feet apart will roll ir 



,. S ,. „ ,. 337i 

,. 9 .. - .. 479 

„ 10 „ „ „ 6434 

Centrifugai. Force 
On any three curves having radii as i, a, 3, the centri- 
fugal force at any given velocity is as 3, z, r ; but the 
coefficient of safety against overturning or disagreeable 
' effect js as -/$, 1/2, ^1=173, \-6,\, too. 



r 

4 
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Table VII. — Giving far various curves the infarior ami superior limits 
of speed Tviihin which the centrifugal farce is more or less objection- 
aJble or dangerous. 



1 

Curve ! 

1 


Maximum and minimum limits of speed 
in miles per hour 


1 




Minimum. Having ' Maximum. On the 


Degree 


Radius in feet 


no disagreeable 


point of overtummg 




1 


effect 

41*39 


the vehicle 


2 


2,865 


130-89 


4 


1.433 \ 


29*27 


92-55 


6 


955 


23-90 


75-57 


8 


717 


2070 


65-44 


10 


574 


18-51 


58-54 


12 


478 


16-90 


53-43 


14 


410 


15-64 


49*47 


16 


359 


14-63 


46-28 


18 • 


319 


13-78 


43-58 


20 


288 


1309 


41*39 


22 


262 


12-48 


39*46 


24 


240 


11-95 


37-78 


26 


222 


1 1 -61 


36-72 


28 


207 


1 1 -06 


34-98 


30 


193 


10-69 


33-80 


40 


146 


9-25 


29-27 


50 


115 


8-28 


26-18 


60 


96 


7-56 


23-90 



Rule, For the centrifugal force in lbs. per ton of 2,000 lbs. 
C= '02 3348 V^ D, where C=centrifugal force in lbs. per ton, 
V= velocity in miles per hour, and D= degree of curvature 
from which the following table is made. 

Table VIXL — Curve Limits at Different Speeds, 



1 

Speed in | 




Degree of curvature 


miles per 
hour 










1° 


5° i 

1 


10° 


15° 


10 


2*33 


11-67 


23*35 


35-02 


20 


9*34 


46-70 


93*39 


140-09 


30 


21-01 


105-07 


210-13 


315*20 


40 


37*36 


186-78 


373-57 


560-35 


50 
60 


58-37 
84-05 


291 -85 
420 26 


583*70 
840-53 


875*55 
1,260 -8 


70 ^ 


1 14-4 1 


57203 1 


1,144-05 


1 i,7o6-oS 



20" 



46-70 

186-78 

420-26 

747-14 
1,167-4 
1,681-v 



\ 
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The centrifugal force varies directly as the degree of 
curvature. 

The heavy division lines mark the assumed maximum 
limit of speed for safety, when the centrifugal force is=^W. 

On the 4 per cent, grades of the Mexican Railway, re- 
versed curves of 150 feet radius were worked for a year 
with ordinary locomotives. 

Narrow-gauge railways have rarely been constructed with 
curves sharper than 24° in the United States, but there are 
a few as sharp as 30° in Colorado. 

In the writer's location of 3 ft. gauge railways in the 
Sandwich Islands ; curves of 40° (146*2 ft. radii) were the 
minimum, but many of them were more than a semicircle ; 
previous railways had been constructed with 75 ft. radii in 
that district, but in most cases without necessity. The trains 
run at ten miles an hour with perfect safety, though it can 
hardly be called comfortable. There is practically no 
danger of the trains overturning because the loss of speed 
due to curvature keeps them well within the limits of safety. 
For rules on the same subject applicable either to feet or 
Gunter's chains, see p. 264. 

There is chronic trouble to railway managers from curves 
of unnecessary sharpness, put in either to save the trouble 
of a second revision, or from lack of experience on the part 
of the surveyor. 

It is true that rolling-stock can be made to go round 
almost anything, but not without suffering from it. 

It is a curious fact that single-line railways which have 

DOWN ^a») ^ 




^«» UP 

Fig. I. 



their crossing stations arranged in the usual way, as Fig. i, 
wear the locomotive wheels more on one side than the 
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other. This arises from the trains always entering the 
stations faster than they leave them. Probably, if the 
crossing stations were made as shown in Fig. 2 this would 
not take place. It is a preferable arrangement, except 



DOWN mf^ 



Fig. 2. 



-mi^ UP 



where the through express trains run past the station with- 
out stopping, in which case the usual arrangement is to 
be preferred unless very flat curves are used in the switch 
on Fig. 2. 

Effect of Increased Distance from Development, 
AND OF Curvature upon Working Expenses 

The following notes and Table IX. are from Mr. Welling- 
ton's book, being deduced from extensive American statistics. 

Fractional changes of distance increase or decrease 
expenses by only 25 to 40 per cent, of tJie average cost of 
operating an equal distance, 

600 degrees of curvature will waste about ^o per cent, as 
much fuel as the average burned per ndle run. 

The lowest probable limit of curve-resistance at ordinary 
speeds in ordinary curves is about ^- lb. per ton per degree 
of curvature. With worn rails and rough track it may be as 
high as \ lb. per ton. 

Curve-resistance per degree of curve is very much 
greater on easy than on sharp curves, so that when, for ex- 
ample, the resistance is i lb. per ton on a i '^ curve, it may 
be 6 lbs. to 8 lbs. per ton on a 10° curve, and not more than 
15 to 18 lbs. on a 40° or 50° curve. 

The almost uniform increase in cost in the first three 
niain divisions of the line is principally due to grades and 
curves, which get worse as the line stretches inland. 

o 
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Taule IX. — Runniitg Expenses on Pennsylvania Railroad affected 

by Ctitvaitire. 



^'"^erc^L"^" I Rei-- I F-> . Stores \ Total 



Eastern division . 6*42 6*93 1*15 14*50 

Middle division . 8*87 7*00 1*07 16*94 

Western division . 9*25 7*59 1*39 18*23 

Mountain and -11 

Tyrone . . . , 6-6o 7*04 i 0*83 1 14*47 



Compensation for Curves 

Some of the various rules used in compensating steep 
gradients for curvature are given by Mr. Robert Gordon in 
* Min. Proc. Inst. C.E.,' vol. Ixxxv. : - 

' The best American practice invariably allows com 
pensation when the curve falls on a gradient by lessening 
. the inclination as the sharpness of the curve increases. 
Some difference of opinion exists amongst the authorities as 
to the amount of reduction required, but the average given 
is 0*05 per TOO ft. per degree of curvature. 

* This practice varies, however, and Mr. A. A. Robinson, 
who has had great experience on steep gradients, gives as 
follows : — 

Tai;le Y^,— Compensation for Ciuucs. 

Per 100 feet 
per degree 

* Rate of maximum grade o to i in 166 -o compensation 0'o6 

,, ,, ,, I in 166 to I in 62*5 ,, 0*05 

,. ., I in 62-5 to I in 33-5 ,, 0*04 



5» 



* Mr. Blinkensdorfcr gives 003 to 0*07 in the same limits ; 
while Mr. Wellington allows 0*06 on all maximum curves. 
The practice also of widening the gauge on curves varies 
much. Some engineers allow only the same play of [, inch 
that is given on straight lines ; while others increase it -i 
inch and more on curves. But opinion is unanimous in 
requiring a tangent between reverse curves, and sharp 



General Consiaerations 19 

curves are eased off at both ends. In some cases gradients 
also are eased at the approaches.' 

The following tables are taken from Mr. Trautwine's 
' Pocket-Book : '— 



Table %l.-TabU ef A«ntuil Exp^mis an w 
SliUa Railraads. . 


/« UniUd 


N^cr.™p™. 


Per mile 
of mad 


Per train 


P«eMt.| 


Lehigh Valley, 187* .... 
Pennsylvania Central, 1869 

1 1861 1 

R. R., 1861 f 

New York Slate, avetigc of all thei 

R. R., 1867 f 

1 New Vo.k Cenirai, average of all the) 
! R. R., 1867. . . . .1 
' English R. R., averages for 1856-7-8 

Scotch „ 
; Irish ,, „ 


% 

32,000 

i7,aoo 
3.7S. 

13,856 
15,610 


144 

95 
85 

170 
66 
S6 

52 
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71 

57 
60 
76 
77i 
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44 
40 
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Aiil.K )i\\\.—Ileiiu of Telal Annual Ejrftiises fur MaitUtHaiue and 
Otfiitliottofalllhe Kailroads of the Uinttd SliUes in 1880. (Foot's 





% 


Ptrctnl. 


P=r«n(.o( 




p«inil. 


tot.1 


■arDipgs 


U<-;Miiis..fri,ii.l. Iwl, ami track 


451 


11-23 


682 


Ki'IU'WiiIh of rnilx , . . ■ 


197 


4 '89 


2-97 


kriii-wnls iif lies .... 




3-04 


i-Ss 


ui^jnin !>f l!(jU^i^»' 




2-55 


iSS 


87 


217 


i-3« 


Ki-JioirN iif rencis, cn)ssines, &c. 
'I'i-li-(!ia|>li cxiiuniHiK 


17 


■42 


■2S 


41 




■63 


Th«.-» 


IS2 
',169 


377 

29-08 


2-29 


17-67 


Ki-|ifiir>. iVc. of locomulives ■ 


!49 


6-19 


3?6 


Ki:i.:iirB, Aic. tif ijasscnfct, biiegajji;, i 




2'99 


i-8a 


KqiiirS'^c-'i'fl'rcielilca'.s '. 

HeiiBirs, ■'ic. of rollinE-!.liick | 
(incliiiling riMifWals and iiddi- ' 

Pflssenger ttajn cxpensci. , 


257 


6-40 


3-89 




627 


IS -58 

3 '41 


9-47 


137 


2-07 i 


Fteiglil Iroin expenses 


33a 




4-99 




374 


9-31 


5-66 


Wnttt.Bupply, oil, and wasle . 


70 


1-74 


Itj6 


liicmen 1 


310 


772 


4-69 


AgenU, and slalion service andi 
supplies / 


45" 


11-23 


6 -82 


Salaries ofoEcers and clerks . 


^Vi 


3 '46 




Advcnidnc, insurance, legal ex-i 


'23 


3 '06 


1-87 


penscs, stationery and printing . i 




Dnnrncc.'i to persona and jiroperly . 


40 


■98 


■60 


Sundries 


350 


6 '22 


3-78 


Running and general expenses 
Aggregate annual expenses . 


1,224 


55-34 


33-64 


4.019 


.00«) 


S078 



r*r 
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Table XIV. — Gross Anntial Earnings per Mile^ per Passenger Mile^ 
ctnd per Ton Mile^ of some of the Principal United States Railways 
in iS8o. 



1 



Pennsylvania R. R. 
New York Central 
Central Pacific . 
Chicago, Burl. , and Quincey 
Philadelphia and Reading 
Union Pacific 

Atchison, Topeka, and \ 
Santa F^ . .) 

Average of United States 




Table XV. 



-Annual Earnings and Expenses of the 
above roads in 1880. 



Length in 
miles 



Gross earn- 
ings per 
mile 



Pennsylvania R.R. . . 
New York Central . . 
Central Pacific . . . 
Chicago, Burlington, & Qu 
Philadelphia and Reading 
Union Pacific .... 
Atchison, Topeka, & Santa y 

Fi \ 

Total United States . . . 



1,806 
994 

2,447 
1,805 

780 

1,215 

1,398 
87,801 



Expenses 
per mile 



$ 

20,315 

28,445 
6,814 

8,734 
20,629 

9,778 
5,118 
6,611 



12,267 

17,969 

3,340 

4,454 

11,754 

4,507 

2,408 
4,019 



Expenses 
-r gross 
earnings 



•585 
•609 

•470 

•497 
•568 

•426 

•458 
•608 



Estimates 

A few estimates of roads, railways, and tramways will 
now be given, which will to some extent fix the ideas on 
what must necessarily be subject to very great diversity, 
according to the circumstances of each case. 

The surveyor would do well to make rough shots at his 
estimate on his first walk-over, so as to guide him in his 
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rjioicc u{ alternative routes, and even the most approximai 
* I'ljrlr \\\h\\i}\x(iv>' arc often of great service. 

'I Im' fiMirlrncy of even experienced men is to over-est 
\\v,\Ui roiij/li c7)untry and under-estimate easy counti}-. . 
Iiij/ ^\\\i )i or ranon is apt to scare most men, andswaggerin 
vJa'lu' tn float across their mind's eye, which often by patien 
u*ni\\\\\\'v\'\\\\\vi: molt down to one or two reverse curves an( 
a Miil of a Ircstlc' 

An ordinary American railway of about loo miles in 
Irnj/tli in iModrrately easy country will require about 15,00c 
Mibir yardji of earthwork per mile. 

Mr. Ttaiitwine^s estimate^ made quite a number of year* 
aj(o, JM nrar enough for a rough shot to-day. 

It JH aH follows for a single line in United States: — 

' iMii^jr 4' K.l". I/ilKUir ,J?i 75 = 7^. per day. 

<«nililiiii^; niid rlrnriiif; ^nvcrage of entire road) 3 acres $ 

(/rudiii({ 2<),(KX} nibic yards of earth at 35 cents 7iOOO 

hitio 2,rxK> ctdtic yards ofruck at ^i . . . 2,000 
M;i::iftiry of ctdvcrts, drains, abutments of small 

lirid^^rH, rrinininjj walls, 400 cubic yards at f% 3,200 

nnlliml ;{,(XXi cubic yards broken stone at j^i . 3*000 

(!r<f«i'4 ti^H 2,640 at 60 cents delivered . . 1*5^4 

Ufiil). f(K> II »H. t(» a yard) 96 ions at $'^^0 delivered . 2,880 

SpikpH 150 

Kail-jointH 300 

Sulxlrlivcry <if material along the line 300 

Laying track 600 

Fencing (average of entire road) supposing only one 

half of its length to l)e fenced .... 450 
Small wooden bridges, trestles, sidings, road -crossings, 

cattle-guards, &c 1,000 

Land damages 1,000 

Engineering, superintendence, officers of Co., sta- 
tionery, instruments, rents, printing, law expenses, 

and other incidentals 2,386 * 

26,000 
' This amount is only extended to v"\tv\\s \.o\st\Tv^>L\vtVoVa\\.o ^\\wft 
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Add for depots, shops, engine-houses, passenger and 
freight stations, platforms, wood sheds, water stations 
with their tanks and pumps, telegraph, engine-cars, 
weigh scales, tools, &c. ; also for large bridges, tunnels, 
turnouts, &c. (Trautwine.) 

Mr. R. C. Rapier, of the well-known firm of Ransomes 
and Rapier, in his * Remunerative Railways ' gives an 
estimate for the equipment of a metre-gauge single- line 
railway, 40 miles long, including 40 lb. rails, wooden sleepers, 
seven engines weighing 15 tons each on six wheels, turn 
tables, tanks, water-cranes, weigh-bridges, sheerlegs, signals, 
35 passenger carriages and brake vans, 150 freight waggons 
of different kinds, workshop-fittings, and stores. The total 
for 40 miles 86,708/., or for i mile 2,168/. 

The same author gives another estimate for the equip- 
ment of a forty-mile 3 ft. 6 inch gauge-railway with 45 lb. 
rails, eight engines weighing 18 tons on six wheels, and a 
similar list of materials to the metre-gauge, somewhat in- 
creased. The total for forty miles 98,840/., or for one mile 
2,471/. 

\Vhere it is necessary, as in England, to put up gate- 
keepers' houses, and sometimes signal-interlocking gates at 
level crossings, it is often as cheap, having regard to future 
expenses of operating the line, to go over or under the 
road. 

Gatekeeper" s house. 

£ s. (f. 

Wages 15J. per week = 5 per cent, on capital ot 780 o o 
House 220 o o 

;fl,000 o o 

Even where there is no help from the ground the earth- 
work can generally be got under 20,000 cubic yards. 

Alternative bridge. 

£, s, d. 

20f000 cubic yards earthwork at 9a. . . 750 o o 
One bridge 250 o o 
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A railway 87 miles long was completed for the Nizam of 
Hyderabad about the year 1885, for under fejooo/. per mile. 
It was promoted liy the Indian Government, and built 
tinder the supervision of the Government engineer. The 
gauge was 5 ft. 6 inches, the rails were 66^ lbs. per yard, of _ 
steel, and the sleepers steel also. 'I'he price included 
equipment and fencing. 

Roads 
The Grand Trunk carriage raid of the Bengal Pre 
dency cost approximately 500/. per mile, The work n 
done mainly by starving poor during famine time, under ^ 
administration of Lord William Bentinck about 1835- 
width was 40 feet, metalled in the centre 16 feet wide 
either broken stone or a natural concretion of carbonate ■ 
lime, called ' Kunkur,' rammed by hand (there being i 
steam rollers in those days). The cost of laying the me( 
at an average lead of one mile was 162/. 6s. od. per mil 
and cost of repairs and maintenance of ditto 33/. lu. 
per annum. Total cost of maintenance was 50/. per anniu 
(Gen. Tremenheere, ' Min. Proc Inst. C. E.' vol. >:vii.) 

The main roads of South Australia are described t 
Mr. Charies T, Hargrave in 'Min. Proc. Inst. C.E.,' 
and he gives the average cost with a metalled way i 
wide and a 60 feet right of way as follows ; — 

Earthwdik in cuUings &c., Soo yards at II. . 40 o 
Culverts, nine at 15 cubic )-ards each; 135 

cubic yds. a[ I2J. ..... Si o 

Wheelguirda and posls ; iS sets of 2 posts nnd 

one guard at 401. per set . . . . 36 o 

Forming; ihe metal bed ; 80 chains, 8j. . . 32 o 
' Bottom metal ot soling, 4" tMclt, 15 ciilric yards 
pel chain for So chains ; 1,300 cubic yards 

« 4^. 340 o 

Metal ji" thick, 22 cubic yards per ch. for So 

ch. i 1,760 cubic yards at 71. . . . 6l6 D 
Blinding (i.*. thin top dressing of gravel] 7 cubic 
yards per ch : for 80 ch. ; 560 cubic yards 
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O 

Brought forward . . 1,08;^ 
To this must be added fencing (not always done) ^ q 

80 ch. at 8 rods -640 rods at 55. . i6a 

And if hind has to l)e purchased ; 8 acres i>er q 

iiiih" :it 5/. ...... 40 ^ 

;fl,283 ^ 

years, 
I'or the first six miles out of Adelaide during tet* ^\^tj^ 

300 to 400 cubic yards of metal were needed per tO^^ ^^ 

jinniiin. At fifty miles from the city only slight repaid ^ 

needed. ^^^e 

Annual cost of clearing culverts and weeding 3/. p^^ ^^ 

for each side of road. On 326 miles constructed tb^^^^ 

of maintaining the metalled portion was 122/. per anti*^^Q^^s 
The pric^e of labour was 55*. 6^. to ds. per day ; xci^ 

and car])enters 8y. to 95*. -^ials 

A temporary road for conveyance of railway mat^ 

into the bush co.sts from 50/. to 100/. per mile. 

Stonk-Crushers 

^^ ize 
' IJhikc's or Hlake-Marsden Stone-Crushers ' vary in ^26 

and cost, from a 10" x 8" machine breaking stone of that ^ ^^j. 

to the extent of 3l> cubic yards per hour, nominal horse-pc^"*^ 

3, total weight including screening apparatus 5 tons 6 c^^ ^ 

price 1 57/., u[) to a 30" x 13'', breaking stone of that siz^ ^ . 

the extent of 14 cubic yards per hour, 16 horse-power, weig*^ 

16 tons 2 c:wt., jm're 440/. 

Road- Rollers 

A i5-t(m * Aveling and Porter Roller ' costs about 650/. 
It will roll on an average 1,100 square yards per day. The 
cost of rolling, including all charges, is somewhere between 
\d, and \d. in J^^ngland ; and the cost of binding material 
about 3^. per square yard. 

The two last estimates are gathered from Mr. Boulnois' 
MynicipaJ Surveyor's Handbook,' 
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Tramway Estimates 

^tie following estimates of tramway construction in 
^-^nited States are from the report of the committee 
tri^ American Street Railway Association at the Min- 
^P^lis Convention in October 1889, upon 'The Con- 
^^ris necessary to the Financial Success of Electricity as a 
^tive Power.' 

^Hey are for a single line ten miles long equipped com- 
^^^ with fifteen cars. 

Cable-road 

■^oad-bed^ rails, conduit cable .... 140,000 

■^o-wer station 25,000 

^ars 3i00o 

Total for ten miles ;f 168,000 

Electrical Overhead-wire Construction 

*>'Oad-bed and rails ...... 14,000 

firing 6,000 

Cars 12,000 

^ower station 6,000 

Total for ten miles ;^38,ooo 

Storage Batteries 

[also termed Secondary Batteries or Accunmlators) 

£ 

Road-bed and rails 14,000 

Cars ......... 15,000 

Power station 6,000 

Total for ten miles ;(S"35»ooo 

' In the above cases of electrical construction the motor 
car would be capable of pulling one or two to^-C3it^ \^ 
n^essaiy. These figures your committee has T\o ^owVA, ^V^, 
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be found to be cal- 
culated within a 
reasonable limit of 

cost' 

Figs. 3 and 
4, excerpt 'Min. 
Proc. Inst. C. E.' 
vol. Ixxxv., will 
give some idea of 
the way difficulties 
nf ascent are over- 
come by curve - 
development, and 
the ground plan of 
Burlington shops 
will show the way 
the lines are laid 
out for the engine 
dep6ts in America. 

The actual 
measurement for 
the preliminary 
estimate is much 
facilitated by dia- 
grams, some of 
which will be found 
in the chapter on 
' Graphic Calcula- 
tion.' These ope- 
rations follow upon 
the actual survey, 
whether it be 
merely- a route- 
survey or a tele- 
metric survey, and 
are therefore de- 
scribed later on. 
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CHAPTER II 

ROUTE-SURVEYING OR RECONNAISSANCE 

Before going into the subject of * Route-survey ' in detail, 
the first steps of American pioneer railway-making will be 
briefly described. 

The Nipissing division of the Canadian Pacific Railway 
will furnish a fair illustration of American location. It is on 
the north shore of l^ake Superior, and it was there that the 
writer gained his first experience of that kind of work. A 
network of lakes and rivers leads the Indian, on his fishing 
and hunting expeditions, clear across the watershed of 
Northern Ontario down to Hudson's Bay. The first pioneer- 
ing was done by Mr. W. R. Ramsey, with an Indian guide 
and one or two white men. Taking only the aneroid and 
prismatic compass, they followed up the course of several 
rivers with a canoe, often having to carry it over long * por- 
tages,' and undergoing considerable hardships, until they 
emerged at the junction point with another survey, proceed- 
ing from Port Arthur on the other side of the great lake. A 
sketch-map was made for the approval of the general 
manager, showing the topography to a small scale, and the 
length of line. 

The next party, headed by Mr. Ramsey, consisted of the 
usual preliminary location party : — 

1 Transit-man 2 Axe-men 

2 Levellers 2 Chain-men 
2 Rod-men i Slope-man 

J Picket-man 1 CooV 
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The 7nodus operandi is then as follows : — 

The leader keeps ahead of the party, revising his previous 

survey with aneroid and compass, and keeping the whole of 

the operations under control. Every morning he indicates 

the direction to the transit-man, who has a line cut through 

the bush and chains it, driving stakes at every hundred feet. 

The leveller follows on the transit-man, making the profile 

(or section as we call it in England), whilst another takes the 

side-slopes of the hills with a clinometer. The field-work 

is plotted in tent at night. The profile is greatly facilitated 

by printed profile paper, which dispenses with all scaling. 

Under favourable circumstances a mile or a mile and a 
half a day can be surveyed in this manner, but on the division 
here referred to only an average of ten miles a month was 
possible with one party. At times there were four parties in 
the field to distribute the work. Nearly all of it was gone 
over three or even four times, always saving money on the 
construction. A hundred pounds extra in survey will often 
save a thousand pounds in construction. 

The present chapter is devoted to methods which do 
not require chaining, but more on the American methods of 
location will be found in Chapters VI. and VII. 

When the country through which a road or railway is to 
be made is not well known— specially when the inhabitants 
are unfriendly, but in almost every case of projected work in a 
new country — it is necessary to obtain, cheaply and speedily, 
one or more surveys of alternative practicable routes or of 
the general topographical features of the area. 

A chained survey would be out of the question, and even 
a telemetric traverse would generally be too expensive. A 
fairly accurate map is required, which will be made by one 
man at the rate of ten to twenty miles per day, and which 
will serve the projectors with sufficient information to guide 
them in approving the route favoured, in capitalising their 
enterprise, and in preparing their prospectus. 
, The class of work most suitable for this o\)}ect ha?> b^^w 
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more thoroughly studied and practised, though with a dif- 
ferent object, by miHtary than by civil engineers, and the! 
best instruments and books extant are from those sources.! 
Failing time or money for chaining or triangulation, it a] 
necessar)^ to have recourse for linear measurement to records i 
of pace of men, gait of horses, or speed of river steamers] 
taken with as much care as possible. Military movements] 
are made with trained regularity, and no one who has not 
studied the subject would believe what great precision is 
attained in making maps of marches the distances of which 
are laid down simply and solely from either time-records or 
pace-measurers. 

These maps, which are called reconnaissances, route- 
surveys, or flying surveys, vary in accuracy, from a rapid 
field-sketch relying upon a trained eye for estimation of dis- 
tance and a knowledge of perspective for the filling in of 
detail, to a survey correct within a margin of from one to five 
per cent. ; based upon true trigonometrical and traverse prin- 
ciples and preserved from cumulative error by astronomical 
observations similar to those which determine the position 
of a ship at sea. 

The term * a mere sketch ' is often applied rather con- 
temptuously to what may be a most valuable and perhaps the 
only record of the topography of an important position. 

Military engineers know best the value of a good sketch. 
They have to do their work under fire or in danger of 
surprise, and a man who can dash off a sketch of the enemy's 
position, the points of vantage, and the best line of attack, 
will by so doing provide in a few moments information which 
may decide the final issue of the struggle. 

Surveyors have more time at their command, and their 
disposition is rather to depreciate methods which overstep 
the bounds of rigid mechanical exactness. The standing 
orders of our English Parliament for deposited pkns of 
public works call for a high standard of accuracy, and justly 
so in a country like this, possessing a\iea.d^ excellent 



HiteSunieyiKg 



3J" 



naps published by the Ordnance Depanment. It was 

iue to the existing vested interests that they should be 

rotected from the attempts of speculative promoters 

J interfere with their properly without fully and clearly 

fcTcpresenting in al! its bearings what the effect of such 

■'interference would be. The standing orders, however, per- 

linit of the framing of memorials of opposition containing 

[ frivolous allegations which as such are frequently overridden 

by the Examiner. 

Surveyors who get their training in England do, 
not consequently have much opportunity of praccisir^ ' 
either route-survey or field- sketching, and so, specially 
in regard to the latter, do not know if they have 
talent for it or not. Artists are born, not made, hut there 
are few engineers who are so wanting in 'eye' that theyi 
cannot greatly increase their efficiency as pioneers by i 
course of study and practice in sketching. Even when il 
route survey is carried out with al! possible care so as 
approach to the purely mechanical system, a knowledg 
of sketching will be most useful in filling in the adjace 
country. Lake, wood, blufT, canon, or river will, by a fi 
dashes of the pencil, give the promoters at home somethin 
more for their minds to feed upon than a system of straigi 
lines with the bearings written up. It should of course l 
evident from the map, when part is sketched and part scale 
able, which is the reliable portion. 

The art of free-hand drawing can hardly be dwelt upoft 
in a work of this kind. A very few lessons in perspectivi 
combined with a thorough course of practice in the field i 
the only way to obtain the needed skill. Even in the c 
of telemetric survey , the sketching of detail is a great hei 
in the plotting of contours and as an accessory to tT 
led map. 
Photography is also becoming a useful aid to the sU 
feyor. The little 'Detective' camera recently mttoixiC 
s oniy a b'ttk larger than a carriage clock ; \l is ca.t"c\ei 
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the hand without needing a tripod or other paraphernalia. It 
is directed and focussed by observing a reflected image of the 
view on the top of the camera. It has also the advantage 
over previous inventions of the kind that the views may 
be removed one by one instead of in batches.* 

The scales adopted in route-surveying vary from six 
inches to the mile, to thirty or more miles to the inch. If 
to a small scale, it is usual to plot in miles of latitude and 
longitude, so as to correspond with the daily astronomical 
observations. 

The route survey is essentially a traverse, checked where 
possible by triangulation with compass angles and range- 
finder, or simply by rays drawn upon the sketch-board or 
plane-table. 

Surveying with the Sketch-Board or Plane-Table 

Those who have become proficient in the use of the 
plane-table are generally enthusiastic in favour of it, and 
there can be no doubt that for a topographical survey of 
a large area, based upon the known stations of a primary 
triangulation, it is both rapid and accurate. During the 
season of 1886-7 the U.S. Geological Survey mapped in 
this way an area of 56,000 square miles with a staff of 160 
men, at an average cost of 1 2s. per square mile. 

* A camera should be preferred which does not require the removal 
and changing of the slide every time. Abrahams & Co. make the 
* Ideal ' camera, which is quite suitable for the purpose. If the surveyor 
is on one side of a wide canon and a train is passing along the other 
side, he can get a good representation of the whole hillside by taking 
views of the train all along its passage, the steam from the engine will 
make a good landmark and especially just as the train goes into tunnel. 
The views can afterwards be pieced together ; the length of the train 
will serve as a measure of relative distances, and considerable informa- 
tion be placed on record by a few seconds' field-work. The slides 
can be preserved and developed at leisure or sent home for develop- 
ment, but the developers are provided in soluble pellets for foreign 
use. 



The author's practice in surveying for railways has led 
im to the persuasion that the plane-table is more useful 
S an adjunct than as a universal instrument. He uses the 
Bodificatioii of Captain Vemer's military sketch-board plane- 
table either buckled on the ^vrist or mounted on its light 
^pod, and in this form finds it one of //le most valuable 
■portions of the surveying outfit. 

When the country is very magnetic, the needle becomes 

1 unreliable, and the plane-table may have to be used for the 
whole of the field-work. 

Under favourable conditions, it is possible to do pretty 
much the same class and quantity of work with the 
plane-table alone as with the prismatic compass and field 
notes. 

With the plane-table, the work is all done in tlie field, 
which has the advantage of exhibiting the errors liable to 
wise with either class of work, and so to enable them to be 
eliminated on the spot. It has the disadvantage of occupy- 
ing time in mapping during daylight, which might be wholly 
iSivento fieldwork, and the mapping done either at night 
Wwhen the sun is too powerful, or when too wet to go out 
It has the further disadvantage of disclosing to unfriendly 
Mtives the object of the traveller's journty, being much more 
Mnspicuous than a prismatic compass. It has the advantage . 
if affording to the skilful surveyor a complete method of 
^angulation, producing results of an accuracy (even over an 
Ktended area) very little short of that obtained with good 
"lEodoIites ; its horizontal angles being determined by rays 
Mded if desired by the telescopic sight-rule, and indepen- 
^ii«it of magnetic variation. It has the disadvantage of being 
*ith difficulty checked when carrying forward a continuous 
tHvfirse, especially so when the bases have to be short, as 
I" a crooked road with high hedges. There are generally 
•Ome salient points on which rays can be taken as in- 
oependent checks, bui wilhoiit flicm every mistake in a.v\^t, 
^JXipetualed. 
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For an extended triangulation a measured or calculated 
base is recjuired as in geodetic survey, whether working 
with the plane-table or compass ; and where the needle 
can be relied upon, the angles can be taken with the same 
accuracy with either, but in the case of a continuous traverse, 
the compass has the advantage of giving the magnetic 
bearing every time independently of the previous work. 

When the plane-table is used as a universal instrument, 
a stadia telescope is attached to the sight-rule, which has 
to be transported in a separate case. The class of work 
performed by it under these circumstances answers to the 
telemetric survey with the transit, but when passing rapidly 
through a country, it is nmch more cumbersome to transport 
a heavy plane-table with sight-rule and telescope than to 
shoulder a theodolite. 

A few remarks will now be made upon the method of 
triangulation with a large-sized plane-table over an extended 
area, after which the subject of the plane-table will be 
only considered in the form suitable to preliminary railway 
or road survey with the smaller instrument described in 
Chap. IX. 

Triangulation with the Plane-table 

Where a base is known by the exact geographical posi- 
tions of two towns or villages a few miles from one another, 
and commanding a good view of surrounding country, an 
almost unlimited tract may be correctly surveyed from it. 
When this is not the case, the two extremities of the base 
have each to be located astronomically, as described on 
Chap. IV., and the distance between them calculated by 
problem on p. 150. The accuracy of the succeeding 
triangulation will depend fundamentally upon this astrono- 
mical work. The latitude should be easily obtainable within 
a sixth of a mile, and by careful repetitions to about 100 
yards of the earth's surface, so that if the watch be not 
-eliable to give Greenwich time to a second, the more the 
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►ase approximates to a true meridional line the better for 
he results. 

To obtain practice in England the plane-tabler should 
locate two suitable points for his base from the six-inch Ord- 
nance map of the district, which gives parallels and meridians 
to every single second or about thirty yards. They should 
be selected as far apart as possible, say from two to seven 
miles. 

A common military plane-table 30 inches x 24, of one- 
inch panelled deal, will map the whole county of Yorkshire 
on a scale of four miles to the inch. It can afterwards be 
compared with the shilling edition of W. H. Smith & Son's 
reduced Ordnance maps on that scale. 

The paper should be pasted on the board by its 
margins, well damped so as to stretch as tight as a drum 
when dry. The parallels and meridians should then be 
drawn as described on p. 75, and the base line AU laid 
on from the data taken from the six-inch Ordnance map. 
The table is then carried to station A, and, with the sight- 
nile touching the base line, the board is turned on its axis 
until the opposite base-station B is brought into the exact 
foe of sight. The compass, which should be of the portable 
trough-needle type, is then placed in one corner of the 
^p, and carefully turned to and fro until the needle is at 
J'estatthe centre of its run. A fine pencil line is then drawn 
round the compass box with the letter N. (mag.) opposite 
t^e north point of the needle. 

With the plane-table firmly clamped, rays are then taken 
from A to all prominent points in view ; they should not 
"^ drawn right across the paper, but merely fixed by a fine 
Pencil line in the margin of the map about half an inch long, 
^ith marks denoting the point of observation and the point 
observed, thus A/Ai to correspond with descriptive entries in 
the Field Book, shown overleaf. 

When all possible rays have been taken from k, \Nn& 
^°s^mient IS shifted to B, and 'set in meridian' \>v ^^^^ 
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ray on A. The compass-box is placed on its delineated 
position on the paper, and if the sight-rule has been cor- 
rectly adjusted, and there be no local magnetic deviation or 
sufficient diumal variation to account for it, the needle will 
still be at rest at the centre of its run. If not, its position 
should be measured by the graduation on the compass-box 
as an addition to or deduction from the initial variation, and 
an entry made of the variation at B. 

In selecting the next base C by intersection of two rays 
from A and B, a point should be chosen which, in addition 
to advantages of commanding position, should form as 
nearly as possible with AB an equilateral triangle ; the 
reason being that in any triangulation the more acute the 
angles, the less reliable must of necessity their intersections 
be and an equilateral triangle is the only one in which 
no included angle is less than 60°. 

When primary points have thus been located ail over 
the map, the filling in of roads and other detail is done 
either with the prismatic compass and passometer, as shown 
in the example on p. 54, or, if more accuracy is required, 
with compass and tape. This subsidiary survey is plotted 
on tracing paper, and pricked through on to the map. This 
method is preferable to traversing in the detail with the 
plane-table itself as described on p. 41 because it saves 
the map from getting soiled, and is an independent check 
-hen the tape is used) upon the other work. 
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The main practical points to be observed in using the 
able are to set it up firmly upon its tripod ; to level it pcr- 
"ectly true with a circular bubble ; to be very exact with 
its setting in meridian ; to keep the pencil finely pointed ; 
to draw the rays with the utmost nicety, and above all 
things not to get hurried. 



Road and Railway Work 

The work required for preliminary road and railway 
survey resolves itself into two classes : the first a reconnais- 
sance of such rapidity that even stadia measurements take 
too long, and, except at intervals, there has to be as little 
time as possible devoted to erecting, levelling, and adjusting 
of instruments of any kind ; the second, a telemetric location 
survey, which will give the levels sufficiently close to plot a 
profile from them, and this is quicker and better done by 
the transit-telemeter than by the plane-table. 

The * Verner ' sketch-board is described on p. 31 8, to 
^hich the reader's careful attention is directed; its use will 
^ first explained when accompanied by a prismatic compass 
0^ reconnaissance, and then some few further illustrations 
^ill be given of its more extended application when en- 
^arged and developed into the regular surveying plane-table 
^or the sake of those who may wish to make the most of it. 

Variation of the Compass by the Plane-table 

Before starting, the variation of the compass should be 

^certained either by an observation of the solar azimuth, as 

^^plained on p. 132, or, failing suitable instruments for that 

P^ipose,by equilinear shadows on the sketch- board, as shown 

y Rg. 5. Erect the instrument on its wooden tripod, having 

j|^^ roll of mapping paper tightened up into its place. Fix the 

'"ass st)]e in the hole provided for it near the corftpas»v\iO^, 

''^^ adjust the board level and stile vertical by tV\e c\v«\q- 
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meter or otherwise. Draw the centre line of the table across 
the pajicr from headpiece to tailpiece, and ' set ' the table so 
, thnt the needle shall be at rest in line with this centre line. 
Check oncemore the adjust- 
ments by clinometer, and 
the instrument is ready. 

About an hour or two 
before noon place a mark 
with a pencil at the extremity 
of the shadow cast by the 
stile, and from the base of 
the stile as a centre and with 
a radius equal to the lei^h 
of the shadow describe a 
circle right round the board. 
When the sun begins to 
drop again in the afternoon, 
watch the shadow until 
it once more touches the 
circle. Mark it, and bisect 
the chord drawn between 
the two shadow-points in 
the circle, and draw a line 
to the base of the stile from 
the centre of the chord. 
This will be very nearly the 
astronomical meridian, and 
the angle between it and the centre-line will be the variation 
of the compass. The error, as explained on p. 135, arises from 
the altered declination of the sun during the lapsed time, 
which varies from o to i angular minute per hour. The 
error may at all times be neglected for this class of work. 
When the weather is uncertain it is best to take two or three 
points, say at z hours, 1^ hours, and 1 hour before the 
meridional passage, in order to ensure getting the sun in the 
^temoon again. 




Sketching and Plane-tabunc 

The sketch-board is used upon two distinct principles. 
lien buckled on to the wrist, the correctness of the align- ■ 
oent depends on the little compass in the head-piece, checked 
IS much as possible by bearings taken with the prismatic com- 
PlSB. Noback andforwardtayscar, ofcourse,betaken. The 
board has to be ' sel' at every point of observation by the 
I'vtotking meridian,' which is a line drawn across the compass- 
bos with an index at its end, by which the compass-box can 
be turned in any direction. The circle round the compass is 
Eraduated into divisions of ten degrees each, and the index is 
pUced in such a position that when the needle is under it the 
boiird will be directed in the general line of route. When once 
filed the index is nevertouchcd unless the survey begins to run 
off the paper. It is a fiducial line by which to adjust or 'set' 
tile board whenever a sight is taken ; and considerable 
practice is required to hold the board steady on the wrist 
'ilh ihe needle truly under the index whilst the sight is 
b^g taken. It is also quite an awkward business to keep 
'^ edge of an ordinary sight-rule or ruler at the station- 
Vm whilst it is being rotated to take a sight. It was to 
^^ this difficulty that the needle-point sight-rule, described 
^ Chap. IX., was contrived, which has proved a great 
convenience, and much better than merely sticking a needle 
'" the station. Most surveyors use elastic bands for keeping 
^ruler in position, but a thin string with a spring under- 
neath is neater. 

The ' working meridian ' is fixed upon before starting 
y means of any existing map, or, failing all such data, by 
'"spection of the ground. For instance, if a route-survey be 
f^tiired from London to Birmingham we draw a pencil line 
^tween the two cities upon an ordinary atlas, and, running 
P the line to the intersection of a parallel, we find the 
^fronoraical bearing to be roughly 50° N.W. Supposing 
^othstthe variation of the compass has been ^U?*. isA-W- 
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mined, as already described, to be 20° W., the magnetic 
licaring of the air-line between the two cities will be 30° N. W. 
This is railed the * Line of Direction,' and is marked as such 
on the hcadi)iece, corresponding with the direction in which 
the \vji\)i:x has to be fed forward upon the rollers. The words 
* i.ine of correspond with a due northerly direction ; that is 
to s;iy, when the index is placed in line with the *Line of 




Fig. 6. 

Direction,' and the needle is brought under it with its north 
pole towards the words * Line of,' the board will be held in 
position for running due north. 

We want to run a course of 30° N.W., and therefore fix 
the index 30°, that is, three divisions to the right of the words 
* Line of,' so when the needle is brought to rest under the 
index, the * Line of Direction ' will point to Birmingham. 

The width of the paper being ten inches, it will take in 



1 either side of the air-line to a scale of four miles 
einch, and this would take in the wholemapif we were^ 
le of the main highways. 
-le should run off the paper a ' cut-line ' must be 
1 fresh start made in the middle of the paper with 
€aroe line of direction. This method of using the sketch- 
>ard is illustrated by Fig. 6, The magnetic hearing of the 
'e of direction should be written up before commencing, 
° tiiat the index, if accidentally shifted, may be replaced. 
The prismatic compass is of great use in checking the 
1 sngles taken in this manner with the sketching-board. The 

''^^ngs of at least the main lines of the traverse can 
^ taken, and whenever important intersections are wanted upon 
^ent points they should be likewise checked with the pris- 

■ ™2tic compass. It is quite possible to have too many instru- 

■ wents, but a compass clinometer, as described m Chap. IX., 
'* "o inconvenience and most valuable. However skilfully 
. ^ board is held in line, the slightest jog to the ann may, 
imperceptibly to the sketcher, twist the table several degrees, 

"^ value of the sketching- board is not lessened, but on the , 
"^ntrary much enhanced, by assisting it with the prismatic 
"^i^pass. The same amount of detail can be filled in, 
*"h increased accuracy. 

.Sketching with the aid of Maps 

Where existing maps of any kind are available) they 
i Kiould be made all possible use of. An enlargement ftom 
iti atlas, however imperfect, should be laid down to scale, and 
'unless the map is thoroughly reliable, like an Ordnance map, 
'' is best to draw the enlargement in pencil, and to plot " 
ilk, or vi^e versii, so that the divergences may be at once 
apparent. To copy detail from the existing map would only- 
confuse, but a check of alignment and distances is of great* 

tance. 

'frequenlly happens that during a rapid Uaveise, a cas 
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arises demanding more careful treatment than can be given 
with the board on the wrist. A metallic telescoping tripod 
is buckled to the bag of the sketch-board, or, when riding, is 
attached to the saddle. It is only sixteen inches long when 
shut up, and gives no trouble. By it the sketch-board can be 
used as an ordinary plane-table, but being light and vibratory 
it is only used in emergencies ; for continuous plane-tabling 
the wooden tripod should always be employed. 

In this form, the work can be done in fairly easy country 
at the rate of twenty miles a day. It is something more 
than a sketch and something less than a survey, but seeing 
that it takes hardly any more time to a practised man than 
if he simply took notes, it has the great advantage of graphic 
representation over mere literary description. 

Accurate Plane-tabling 

The second method of using the sketch-board mounted 
on its wooden tripod differs in no way from the ordinary 
plane-table except that the instrument is smaller. 

The principle of this kind of surveying is the geometrical 
law of similar figures, by which when a single side is known 
all the rest are determined by their positions in the figure. 
It is a graphic triangulation resting on the same mathe- 
matical theory as telemetry. The method of setting up the 
table has been already explained. 

The U.S. Geological and Coast Survey have covered 
immense tracts of country with plane-table work and use 
instruments of large size — 24 inches by 30 is the maximum. 
They are fitted with elaborate joints for levelling them true, 
and furnished with sight-rules carrying stadia telescopes 
with vertical arcs for measuring angles of inclination. The 
figure on p. 42 of a traverse by the first method will also 
serve for the second. The preliminaries are all the same, 
the only difference being that the board is * set ' at each new 
station by a backsight on the previous station with the sight- 



i precision attainable in this way is very great, 
■k angles should still be taken witb the prismatic compass, 
I ^ecially where the bases are short, but the rays are gene- 
1 Tally more accurate than the compass -bearings, particularly 
fc so it there is local attraction to the needle. The compass- 
I hearings, both with the needle in the headpiece (which is 
W^ to ibe ' working meridian ' precisely as before) and those 
^W the prismatic compass, are simply checks and nothing 

n taking a sight, the ray should be projected at the edge 
'fi paper about half an inch long ; it should be marked 
" the signs of the back and fore station thus : A/B if 
l^ra ft-Qni one main station to another, or B/B, &:c. if taken 
""Dan^ajn station to some outside point. The signs should 




so ti^ entered in a book of description (see p. 38) specilj 

s ^hat the points represent, and accompanied by little 

^^Hes, especially when the points are not very sharply 

eiiJled, such as distant villages, hill-peaks, or river-bends, 

"^at when arriving at the next station and taking the 

^<Sights of intersection, the memory may be assisted as 



lotH, 



littj, 



^e precise spot viewed on from the last station. These 



^ sketches arc sometimes made upon the map, but it it 

' ^iich a good plan, as they are liable to come in the way 

^***:ceeding rays. 

*^he flag on ¥ig. 6, p. 42, is shown as an out-station, but 

Qoard can be moved 10 its vicinity and backai^Xs U^c3v 

ibe previous stations on Azg poles. The comode"Wift cS. 
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these rays with the foresight will prove the accuracy o 
work atid close the traverse. 

I'hc whole principle of plane-tabling is here embc 
The stadia work, levelling and contouring, which are a 
by means of the accessory instruments to the larger ti 
do not form an essential jurt of the instrument itseli 
will l>e treated of under telemetry. 

AVXII.IARV ri.AXE-TABI.IXG 

The method of using the plane-table as an adjui 
the tacheometer for filling in detail will be next desc 
In Kig. 7 a tacheometer traverse is being carried al 
main road, and a building with enclosure is propos 
be filled in wiih the pbne- table, being situated u] 
cross rcxid, anil it being desired to avoid a deviation 
the tacheometer. A point H^ is fixed in the vicinity ( 
building by a sight with the tacheometer, if possible, \ 
I GO feet of the further corners. The plane-table, work 
an assistant, is then set up at Bj, and aligned by a ray 
The line Hr>, is then laid down on the paper withoi 
reference to the com^xiss. 

The distance ni>| is not absolutely necessary, but, 
known, it is better to plot it, and so locate B on the 
to enable a checksight to be taken upon it if the tab! 
to be moved to another sub station. If all the corne 
within loo feet, they can be taped without movin 
table and laid off to scale on rays taken with the sigh 
If the table has to be moved to another sub-station in 
to command the whole of the detail, it can be triangi 
as already described, but it is generally quicker to 
several points with the tacheometer as ])lane-tal)le st 
than to sub-triangulate with the plane-table. 

Location of thk Instrumknt 

The subject must not be dismissed without toL 
upon the weii-known three-point ptobVem ^ox Xoc^iVvf 
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totTument, although it should not be used when a more 
^ect method is possible. 

It frequently happens that, when surveying with the aid 

0^ a map, it becomes necessary to determine the position 

^^ the instrument on the ground from one or more points 

, ^'idicated on the map and transferred from it to the plot. 

' ^^ only one or two points are known, the problem cannot be 

^^ved without the compass. 

Case I. When one point is known. Maps are generally 
^^^structed having the astronomical north at the top of the 
'Jeet, Ordnance maps and ordinary atlases are made thus, 



hut 



'^ot so the parish maps. When this is not the case, the 
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posxtiion of the astronomical or magnetic meridian or both 
m^^t first be determined on the ground from the known 
po^nt in the manner already described. 

^'Vhen the geographical alignment of the map is known, 

anci thg variation of the compass has been ascertained, the 

^^gnetic meridian should be marked on the map at the 

^own point, a bearing taken to it with the prismatic 

compass, and plotted backwards from it, i.e. 1 80° ± bearing. 

A- base line is then run at right angles if possible, but if the 

ground will not admit of it, as nearly square as possible, and 

^^ bearing taken. The base line is measured, and ixoxa 

'\^istTemity another hearing is taken to the known \>o\n\.. 
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Then laying do^-n the two bearings from the point towards 
the observer's position on the plot, take the measured 
distance by scale and place it with the dividers, in its proper 
bearing, where the extremities will coincide with the two rays 
from the known point. If the base cannot be run square, the 
bearing of the base has to be run out with a parallel ruler. 
It is also convenient to lay off the base in an even number 
of feet or yards as loo or i,ooo, for then the distance can 
be read off from a table of tangents. 

Case 2. When two points are known, the prismatic 
compass is used in the same way, but a base is dispensed 
with. The two known points are plotted from the map in 
their proper position upon the plane-table, their bearings 
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Fig. 9. 

taken and plotted backwards as before from magnetic 
meridians drawn through the known points. Their inter- 
section is the locus of the instrument. 

Case 3. When three points are known the plane-table 
can be located by the sight-rule alone. 

Let A, B, C be the three known points and a, ^, c their 
position on the plot. It is required to locate upon the 
plot the point of observation and to set the table so that 
the plot shall have its lines parallel to those in nature, or, as 
it is termed, the table be * in meridian.' It is obvious that 
rays through Art, B<^, or Qc will intersect somewhere, and 
by Euc. vi. 2 we know that in any triangle, ^AB, jcBC, 
7*7 or /•AC, when the sides AB, ab ; AC, ac ; BC, bc^ are 
/ proportional they are parallel. TVietdox^,\i \yj ^d\ustment 



Route- Surveying 



49 



of the table we find the position in which the three rays \a, 
B^, O, intersect in one point, the plot will be parallel and 
the table in meridian, and the point of obser\ation correctly 
located on the plot. 

When the instrument is not * in meridian,' a ' triangle of 
error ' is formed as shown on the figure, the elimination of 
which adjusts the table. There is one exception, when the 
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point of observation is situated in the circumference of a 

circle described about the three known points, the triangle 

of error disappears for any position in that arc. This is at 

once seen by being able to rotate the table without causing 

any error, and some other point must be chosen from which 

when located the required point can be determined. See 

more on the three-point problem by station-pointer in 

Chapter IX. 

The Pi,ane-table as a Range-finder 



Fig. 8, p. 47, illustrates the principle of range-finding 
described on p. 338. The plane-table will, carefully handled, 
determine this range or distance of an object with as great 
accuracy as with some optical range-finders. Military engi- 
neers do not use it for this purpose because the enemy is 
fond oi making a target of it. 
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Measurements of Distance . 

Setting aside the chain, the methods available for deter- 
mining the distances upon route survey are of three kinds. 
Firsts mere judging by the eye and hand, for which some data 
will be presently given of value to the sketcher. Secondly, the 
ancient method of pace-counting, to which may be added 
the trocheometer for wheeled vehicles, the time-measure- 
ment of horses' gait, and the patent-log records combined 
with time measurement when steaming on a river. 
Thirdly, the telemctric or optical measurement of distance, 
which, including the subject of military range-finding, is 
treated of in the chapter on Tacheometry, also in the chapter 
on Instruments. It belongs in its practice more to the 
route survey, though in principle it is to be classed with 
tacheometry. 

First Judging by the eye is a faculty which is an im- 
portant part of the capabilities of the sketcher. A good 
shot will sometimes come pretty near the distance by look- 
ing at it as a range for a fowling-piece ; a cricketer by the 
distance he can throw a ball. By holding the hand across 
the field of view at arm's length, so as to cover the height of 
a man, a horse, or a man on horseback either with the palm 
or with one or more fingers, we have a measurement some- 
what on the stadia principle and of some assistance in 
guessing. 

The second method, of pace-counting &c., may be 
brought to a very fair degree of accuracy for the purpose 
of reconnaissance, and we will first touch upon the 
passometer or pace- measurer. It is in appearance like a 
watch, the mechanism consisting of an escapement carried 
by a loaded lever, which is shaken by the shock of the 
step and returns by means of a light spring ; the escape- 
ment actuates a train of wheelwork, and moves an index on 
the dial to record either the number of paces or the actual 



« 



rr!*.' X 



Route- Surveying 51 

mileage. If the latter, an adjustment is provided to make 
the index read correctly to any given length of pace and 
instrument is called a pedometer. For long bases, the 
mileage indicator is as useful as the other; but for short 
distances, and varying inclinations, the counting index is 
preferable as no instrumental adjustment is needed, but 
scales of paces are drawn upon the board to their ascer- 
tained value under different conditions of travel, with their 
respective designations. The needle-point sight-rule is 
provided with a broad chamfered edge upon which, when 
using only one or two scales of paces, they can be 
gummed with stamp-margins so as to have the working- 
scale at all times on the paper and avoid dividers. This is 
dispensed with by using the Mannheim slide-rule as sight- 
rule and scale : see p. 245. 

The passometer does nothing more than count the 
paces ; the accuracy of the measurement depends upon the 
regularity with which the walker can pace. A course of 
training in this is indispensable, but can be easily gained 
during times of recreation. The chief points are to walk 
naturally without trying to step yards or any other specified dis- 
tance, to hold the body erect, and to maintain the same speed. 

The best way to arrive at reliable data of pacing is to 
walk over a piece of road where the mile- stones are cor- 
rectly indicated. A piece of railway will do very well for 
flat walking if the sleepers and ballast are avoided, keeping 
to the side of the bank or cutting. A turnpike road is 
better. For hill walking a six-inch Ordnance map will give 
the contour lines crossing the public roads, from which the 
gradients can be calculated. 

The time of one's walk has a great deal to do with the 
length of step. By educating oneself into the same rate of 
time — uphill or downhill, fresh or tired — the length of 
pace will be much more uniform than it is ordinarily. 
Gradients as steep as 1 in 40 do not then make any differ- 
snce on the average length. 
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The following trials w^re made up and down a road 
varying from i in 20 to level, but all uphill one way, and 
down the other. 






Dis- 
tance, 
feet 


Number of paces 


Value in feet of 
100 paces 


Uphill 
A to B . 
B to C . 
C to D . 


2,900 

2,080 

820 


1 
ist time 

1,091 

284 


2nd time 
1,161 
705 
285 


3rd time 
1,132 

282 


ist time 2nd time 
266 268 
266 295 
289 287 


3rd time 
256 
285 
291 


Total 


5,800 


2,158 2,151 


2,144 


269 


269-5 


271 


Downhill 
D to C . 
C to B . 
B to A . 


820 
2,080 
2,900 


286 

726 

1,156 
2,168 


296 

725 

1,121 


284 
1,163 


287 
287 
251 


277 
287 

261 


288 
281 
249 


Total 


5, 800 


2,142 


2,188 


267 


270-5 


265 



Average of the three times . 
Range of one time from average . 
Maximum range of shortest distance) 



2-687 feet per pace 
I '4 per cent. 



from average 



\ 10-9 per cent. 



These trials were under unfavourable conditions as 
regards gradient, and are given to show results attainable by 
an unpractised walker. See also closing error on p. 55. 
They demonstrate very clearly the tendency of pacing 
towards uniformity over long distances even when there may 
be great variations over short lengths. 

The distance was only a little over a mile, but this fact 
becomes more apparent on daily journeys of ten to twenty 
miles, in which the total error can easily be kept within 
from I to 2 per cent. 

When particular exactness is needed, and an assistant 
is present, it is advisable every two or three miles to check 
the rate by taping a stretch of 300 paces or so, in order to 
'detect changes due to fatigue, rough or slippery roads, &c. 
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I "■ series of scales may be constructed for ust' on 

I paoients, but it is less confusing to work to one scale and' 
I ™e a marginal note in the fieldbook to guide in making 
I IM corrections when plotting, or calculating the latitude 
I Md departure. 

I , The plotting niay be done by the protractor, but llU 
[ principle of working to latitude and departure is more exact 
I Md the calculations are done as quicldy with ihe slide-nil) 
»s if tlie angles were laid off with the protractor. There H 
2 iMnony, moreover, between this process and the dail] 
astronomical observations, both being a reference to rect 
""gular co-ordinates. 

''>e analogy of traversing with navigation should bi 
Inoroaghiy studied ; even down to curve-ranging as will b< 
snown later on. In the traverse for route-survey the wor] 
IS ""tiling more than the dead -reckoning ; only instead a 
suffering from liability to error in under -currents, slip o 
screw, gjjjj ;yhat not, it is troubled with magnetic aberra 
"' irregularities of pace, and ' personal error.' Tb 
""Oriomical observation conies in to help out the lani 
suney^j with the addition of the frequent sighting c 
™"'*>arks whose geographical position is known, and th 
iMili^j. qj- ,^.[|j(-jj becomes every year greater and greatel 
^^tronomical work is sometimes performed with tl 



The 
Hadl, 



^y's sextant, but the surveyor finds a greater range , 
usefulness in the transit theodolite. 

Surveying with the Sextant 

T^he Hadley's sextant is a favourite instrument wit 

iri^'eliers, who learn its use from one of the ship's officei 

* ** getting to their destination, and then employ it fa 

"^^eisjng on land. It wOl not take angles any mot 

•^"^ectly than they can be plotted direct upon a plane 

'^"le ; it is necessary to correct the angles when they at 

^iten between points at considerable difference of leve 

"■■^Wfas Che plane-table gives the horizontal ptojet^ivo^ 
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once. It is much slower in sighting, and needs careful 
sketches and entries in the fieldbook to avoid mistakes. 
Its great advantage is its portability, and an immense deal 
of good work may be done with it, but only the principles 
of adjusting it arc given in the chapter on instruments, its 
use being very simple. 

Closed Passometer Traverse 

In order to exhibit the degree of accuracy attainable 
with the passometer and prismatic compass alone, the closed 
traverse illustrated by Figs, it, 12, was made in the course of 




If 'Kf 

Scale of Feet 



'SO'? ■ . . f . ■ ■ ■ 9 



1000 

■ 



?ooo 

.- I 



3000 F*- 



Fig. II. 



daily walks and visits to friends, and without making correc- 
tions for sloping ground. It has to be remembered that 
not only does the pace vary in length aecoidvu^to the slope, 
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but a deduction has to be made for the horizontal projec- 
tion of the distance. As going uphill tends to shorten the 
step, and increase the number of them to the mile, the 
error is aggravated by the projection. Going downhill it is 
diminished. The table for deductions due to projection is 




?? ' _rru^""^'y trrorZS^^futcBS 



Fig. 12. 



given in the chapter on chaining, but the pedestrian must 
make his own table of pace- variation from actual experi- 
ment. 

The roads ofSevenoaks are both hilly and tortuou?., ^xv6. 
therefore represent an unfavourable case for a roule-^Mxve.^. 
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Hardly any check angles could be taken on account of 
the obstructions to view. It will serve to show a degree 
of accuracy which can be at least equalled in more favour- 
able situations. The * closing error' of 25^ paces has been 
purposely left in the plot, and the process by which it should 
be distributed over the bases is placed upon a separate 
figure. The closing error does not represent the maximum 
error ; it is an average one, arising in large measure from 
the sloping ground ; but there is also a slight twist in the 
plot, so that in one place where both pace and angle error 
assist one another, there is a divergence of fifty paces from 
the truth in the neighbourhood of one of the cross roads. 
The total closing error amounts to \ per cent, of the 
periphery, the maximum error to about \\ per cent. On 
a day's march of twenty miles, the error at the next solar 
observation would be barely detected ; but as each observa- 
tion is independent, cumulative error of pace-measurement 
is removed within the instrumental limits of about \ mile of 
latitude, or, supposing an exact chronometer, of longitude 
either, but failing the chronometer, the error in longitude 
may be much more, as already explained in Chapter I. 

UlSTRIBUTION OF CLOSING ErROR 

This must not be confounded with fudging, which means 
correcting by guesswork. Distribution of error is to a great 
extent dissipation of its amount all over the plot. The 
process is almost self-explanatory on Fig. 12. The total 
periphery is laid out on a straight line marking each station, 
and an ordinate is laid off at the extremity equal to the 
closing error. The extremity of this ordinate being con- 
nected with the other end of the line, a triangle is formed the 
ordinates to which at every station represent (on the assump- 
tion of the error being gradually cumulative) the correction 
to be applied at each point in a direction parallel to that of 
the line between the two divergent ends of the traverse. * 



% I 



Route- Surveying 57 

Vhere the error is small in proportion to the total periphery 
his process reduces it to an unscaleable quantity on any 
single base line. 

Scale of Paces 

The construction of a scale of paces is as follows. Let 
us suppose that we wish to produce a map upon a scale of 
sixinchestothemile. Achajned base of 1,000 feet is paced 
and repaced until the average has been found to be for 
instance 35 7 paces. We then lay down our scale of miles, 
say three inches for half a mile, in furlongs and chains, and 
calculate by slide-rule the value of 1,000 paces in furlongs 
and chains.' 

Taking this amount from the mile scale we lay it down 

ias our scale of r,ooo paces and subdivide it as follows : 
(Fig. 13, p. 59). From one end of it, we erect a perpendicular, 
snd selecting some convenient decimal boxwood scale such 
*s a 10ft. to the inch, we adjust it so that one end is at the 
exuemity of the pace-scale, and some multiple of ten (in this 
<^e the 40) on the perpendicular ; we then draw a line form- 
'"S the hypotenuse of a triangle and tick off every four 
(divisions of the boxwood scale so that we have subdivided 
*>ir hypotenuse into ten equal parts. All we have to do 

The two proportions are as follows : — 
™ ' be the number of paces in a mile, and y the number of chains in 



"^ the lower scales of rule and slide. Place the right-hand i of 
^ slide over the szS of the rule. Place the brass marker at the 357 
™ le slide. Without displacing the marker, bring the 80 of Ite sMe 
'"^taarker and read off the lesull, 42 ch. 44 links, onlhft sMto^^- 
"'lieldt-biaid 1 of the rule. 
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Scales to Fig. 13. 

then is to rule down perpendiculars to the pace-scale and it 
will be divided into spaces of 100 paces each. See also 
direct scaling by slide-rule, p. 245. 

FlELDBOOK 

The fieldbook, on opposite page, requires but a very brief 
explanation. The backsights are taken to equalise minute 
errors of observation, to locate and remove them when 
iniportant, and to detect magnetic deviation. 

To reduce the meridional bearings to azimuths from 
north or south point, the following table may be used. 

Table XVII. — Reductioti of Azimuths 

From 0° to 90°, azim. = bearing unaltered ; N. K. 
From 90° to 180"^, azim. = 180° -bearing: S. E. 
From 180° to 270°, azim. = bearing- 180° : S.W. 
From 270** to 360°, azim. = bearing — 360° : N. W. 
[The author's pocket altazimuth has both graduations. Sec Chapter IX. ] 

The error at closing is seen to be 22 paces to the north 



13 



and 13 to the west. We will represent it thus X^ 






Then 



(i) to find the direction and magnitude of the line itself we 
have tangent angle d = y. By siide-nile as before = '^91. 
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Keeping the brass marker at the '591 we shift the tangent 
scale to its initial position and find under the marker the 
angle 30'' 35' N. W. 

(2) To find the length of the closing error L= \/22*+i3*^ 
For 22^ bring the brass marker to 22 on the lower scale ot 
this rule, the upper index will then correspond with 484 on 
the upper scale. Similarly with the lower index at 13, the 
square 169 is found on the upper scale. Adding the two 
together =65 3 ; direct the upper index to 653 on the upper 
scale and the square root 25*5 is read off from the lower. 
It will be seen that involution and evolution are performed 
by simple inspection without using the slide, and this forms 
one of the most important uses of the slide-rule.* 

(3) To get latitude and departure. Place the right hand 
extremity of the sine-scale of the slide under the distance, 
and read off the latitude from the rule above the com- 
plement of the angle, and the departure opposite the 
angle itself. Thus in the first entry the distance =70. Place 
the extremity of the sine-scale opposite a 7 on the upper 
scale of the rule. The reduced bearing is 19^°, of which 
the complement is 70^° ; opposite these two angles on the 
slide we shall find the departure and latitude respectively. 

Check-sights are very useful in such work as this to 
correct twists The house shown on the plot was filled in 
entirely by angles. When engaged in filling in new roads 
to an old but accurately triangulated map such as an old 
Ordnance Survey the errors are localised by first plotting the 
work in the usual way and then superimposing a tracing of 
it upon the Ordnance Map ; the errors of the new work 
are thus narrowed within the limits of the nearest reliable 
points and the whole made very nearly as correct as the rest 
of the Ordnance Map. 

* This operation can be also performed by placing the sine-scale 
with the angle 30° 35' under the 13 of the rule, and the answer will 
be found opposite the right-hand i of the slide. 



Profile 

The profile or section is produced from reading of the 
neroid barometer at every station. The distances are laid 
iff and the heights ruled up as in ordinary levelling. In the 
pse of a closed traverse, there will generally be a ' closing 
iiror ' of levels which has to be equalised or distributed 
Smilarly to the closing error of the traverse. Some of the 
Sfmrces of error are explained in the chapter on instruments, 
but they are usually cumulative and appro\imately uniform. 
*rhey can only be treated as such, and the total periphery of 
the base being laid off upon a horizontal line representing 
ihe true datum, the amount of the dosing error is laid off 
on a perpendicular at its extremity either above or below 
according as the last reading is less or greater than it ought 
to be. A ' false datum ' is then drawn from the starting 
point at the end of the perpendicular, and the levels are scaled 
from the false datum, which is afterwards erased. 



' Contours 

The contours are laid on by the pocket-altazimuth, check- 
angles iKing taken along the bases and in other directions; 
The pocket altazimuth is fully explained in Chapter IX. 
^Vhen we know the elevation of the point of observation 
ind the slope of the ground in any direction we can plot the' 
contours from the cotangent of the angle (that is the tangent 
of the complement) which represents the horizontal distance, 
Mtresponding to one foot of difference of level. Thus let 
''le slope be io° of depression. To find cot lo". Place 
•he tangent-scale in its initial position and brass marker at 
■o°- Reverse the slide and place the right-hand i of thi 
'™e at the index. Read the answer 5-67 on the slidi 
opposite the left-hand i of the rule. If we want contours 
M tvery 10 feet the horizontal equivalent wiiV be tew ^Kmea 
% /« s6-7 feet. laasmach as the aneroid teat 
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feet it is best to have a feet scale upon the plot as well as 
the two already mentioned for setting out the contours. 

This is by no means the only way of contouring. The 
contours of the Ordnance Survey are taken with the level, 
and dots are placed on the map where the staff was held 
They are either plotted from cross sections or from field 
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tracings on which the location of the level points are estab- 
Hshed by tape measurements from hedges, buildings, &c. 
The cross section is the most laborious and hardly the more 
exact method of the two. If the contours are needed before 
the plan is plotted, it is unavoidable, but when the principal 
contours are at a hundred or even fvlt^ ieel vcvX^tn^ \\.\i(^- 
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[ , comes a very tedious operation in hilly country. By the 
i' second process, the level is kept at nearly the same coUima- 
: tion going round the hill until it comes round to the same 
point again, or leaves the region of the survey. Telemetric 
1 contouring with the level (for which see p. 197) is suffi- 
ciently accurate for all ordinary purposes and is indepen- 
dent of any plan. Hill-sketching is often done in the 
form of contours by the eye, instead of hachures, which 
convey but little idea of the topography ; such contours by 
being close or far apart show at once the relative steepness 
or flatness of the ground. 

The examples of profile and contouring given, Figs. 14, 
15, and 16, with the fieldbook are, one from the traverse. 
Fig. II, the other from a walk through Knole Park. The 
instruments used were the aneroid barometer, pocket 
altazimuth, and passometer. 

The aneroid was first examined between Ordnance bench- 
marks, with results as follows : — 

Ordnance Aneroid 

Ordnance Benchmark at * The Vine ' to 

Ordnance Benchmark Railway Bridge 

London, Chatham, and Dover Railway 187*8 185 

Ordnance Benchmark at * The Vine ' to 

Ordnance Benchmark Railway Tavern 2CX)*8 205 

Ordnance Benchmark at Railway Bridge 

to Ordnance Benchmark at Railway 

Tavern 13*8 20 

On the profile, the discrepancies between the aneroid 
readings and the elevations calculated by the altazimuth 
were so small that they were not distributed. In the con- 
touring, on the other hand, the aneroid had to be used with 
less time allowance for settling, and needed considerable 
correction from the altazimuth. The profile was taken 
whilst walking up the hill with a friend without detaining 
him beyond two or three minutes. The only entries made 
in the fieldbook at the time were the station coVmkvxx, 
verticaJ angles pedometer, aneroid, and remarks. 
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If a cumulative error of the aneroid is discovered from 
benchmarks, or from returning to the starting point on a 
closed traverse, it must be eliminated as already described 
before entering its readings in the column provided for the 
purpose. When in the field its readings can be entered in 
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the column for remarks. When this is done, the aneroid 
levels rule the profile ; the altazimuth angles are only relied 
upon for the portion of profile between the aneroid 

readings. 

The advantage of using a clinometer or altazimuth in 
conjunction with the aneroid, especially in the form recom- 
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mended in Chapter IX. is, first, rapidity, and secondly, accu- 
racy of detail. The aneroid could be used throughout, but 
is not reliable for small differences of level ; for instance, on 
a stretch of almost dead level, the aneroid might show jumps 
of a few feet here or there which did not exist at all, but the 
altazimuth is graduated to show a difference in vertical 
angle of to', which equals i foot in 333. On the other 
hand, the clinometer angles on a long stretch will soon 
run into a very serious error if unchecked by the aneroid "i 
For more on the aneroid see Chapter IX. 

The use of the slide-rule for the calculations cannot be . 
over-estimated, it is simply invaluable. To begin with the j 
scales. Tt is tedious enough to transfer with dividers from ; 
a scale of paces to a scale of feet, but when it comes to 
three or more scales of paces for uphill, level, and downhill 
at varying inclinations, the work would be interminable, 
and recourse has to be had to percentages of addition or 
deduction as already described. But with the slide-rule it 
simply means a gentle tap upon the slide, and the new scale 
is there ; no calculation whatever is needed. Take, for 
instance, the scale for the slope of St. John's Road, on which 
533 paces measured 1,605 ^*s^t. We use the upper scalesof 
the slide and rule, and bring the 533 of the slide to the 
1,605 of the rule ; the distances in feet corresponding to any 
number of paces can then be read off directly from the 
slide. If then the rate alters to 543 paces to 1,611 feet, we 
have nothing more to do than to slide forward to that ratio. 
For rise and fall the operation is almost instantaneous, being 
analogous to that for latitude and departure (see Chapter ^• 

P- 173-) 

Contouring with Pocket Altazimuth and Aneroid 

The accompanying diagram of contouring (on p. 64) will 

illustrate first of all the adjustment of aneroid error already 

alluded to. The traverse was made with the passometer 

precisely as on Fig. 1 2, but the correelVoxv oi \}cv^c\o^\tv^^^o^ 
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was done by the slide-rule, and as this is by far the most 
satisfactory method, as well as much quicker, it will now be 
explained. 

The northings and southings being added up as before, 
the difference of latitude amounted to 1,812 feet south and 
1,764 feet north. Placing the difference of the two, 48, on 
the upper scale of the rule opposite to 1,812 on the slide, 
the correction for the first of the northings, 141, on the base 
9-10 will be given on the scale opposite 141 on the slide, 
and equals 37. 

The departures being corrected in the same way, the 
plotting of the traverse is proceeded with as before, by 
rectangular co-ordinates from a N. and S. line, and an E. and 
W. line, the total latitude or departure being scaled for each 
station from the starting point afresh, so as to avoid the 
errors certain to arise in scaling from point to point. 

When the traverse is complete, the total periphery is laid 
out on a horizontal base as before described. It was found 
in this case that on returning to station 3, where the traverse 
closed, there was a discrepancy of fifty feet in the aneroid 
readings, arising from change in the weather (see Fig. 16). 

As the instrument read too low at closing, the error was 
laid off above the true datum, and the aneroid levels scaled 
up from the false datum. The profile from the aneroid is 
shown by a dotted line. The difference of level by clino- 
nieter angles was then worked out by slide-rule as before, 
and came to a total difference of 14 feet more than the 
aneroid. The rises and falls were then reduced in the same 
^ay as the errors of latitude and departure by the slide-rule. 
The maximum difference of level existed at the two ex- 
tremities of the work, and amounted by the aneroid to 80 
feet. This was checked by a second visit with the aneroid 
to the two extreme points, and found to be correct. Tlic 
rises and fialls were then squared with this total by placing 
the total error of 14 feet in ratio on the slide-rule with 80, 
nd the ^rror subdivided over the whole travet^^ ^lo^ox- 
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tionally to each rise or fall. The full line on the profile 
shows the final correction, and the erratic nature of aneroid 
readings, which is never got rid of even in the most delicate 
instruments. The line jo-ii for instance is shown by the 
iincroid as an ascent, whereas it was really a descent, and if 
it had not been for the altazimuth would not have been de- 
tected. To be perfectly sure of the main difference of level 
by the aneroid, the surveyor should repeat his visits to the 
two principal positions several times. On extended survey he 
should have several aneroids, and despatch an assistant on 
horseback with an aneroid to go to and fro between two 
objective i)oints until a fair average is obtained. When 
long base lines are measured by the passometer, say over 
400 paces, the clinometer angles are of little value, and the 
aneroid alone has to be followed. 

The contours are plotted in two different ways : First, 
on lines the extremities of which are known in elevation ; 
secondly, on lines of which the slope alone is known by the 
clinometer. 

I .ct us take the base-line 3-4, the ends of which were 
found to be 393 feet and 404 feet high respectively. The 
contours being required at every 5 feet, we want to know 
where the 395 and 400 contours cross the line. The distance 
was 369 feet, and the difference of level 1 1 feet. Placing the 
1 1 on the rule opposite the 369 on the slide, we look for % 
and 7 on the rule, and find opposite to them on the slide their 
horizontal equivalents, namely 67 and 235, which we tick off 
upon line 3-4, measured from 3, and so on. This plan is 
adopted for all the base lines of the traverse, and also for any 
points which have been triangulated. In the present case a. 
series of points rt, ^, ^, d^ e, &c., were determined along the 
rising ground in the middle of the plot by intersecting com- 
pass-rays, and the slope taken with the clinometer. The 
distances were then scaled from the plan, and the difference 
of level calculated as before with the slide- rule. The points 
^re all trees of sufficient prominence to be identified from '- 



ivc sutions, but ihese are among the least eligible of 
i, being badly defined. Low cottages, whose height 
life the ground varies but little, are amongst the best 
P«>ints to choose. The contours were then filled in on the 
^feys from the primary stations to these [loiiits, and alsu on 
Titles connecting the points themselves. 

It is convenient to tick off the distance on a slip of 
iSper, marking each tick with its ele\ation ; then apply the 
mce to the scale, and mark off from it the distances of 
mtouTs without using dividers. 

[Tie second method of plotting contours, on lines of 
h the direction and slope alone are determined by the 
s for the outlying ground in order to show the 
3 of the contours after they leave the closed traverse. 
Is process is as simple with the slide-rule as the former 
We take a hearing in the direction in which we desire 
fetlope (sometimes we require several from the one station), 
g either a tree or similar mark, which we can describe 
lentification in the fieldbook, or else send out a flag. 
IVe then take a vertical angle to the same point and 
K it likewise, 
fhen we have plotted the rest of the traverse and con- 
u between fixed points we lay off radial lines from the- 
Etive stations in the directions of the independent com- 
^shots. 
■Then with the slide-rule we place the scale of tangents 
t the upper scale of the rule, and note the percentage 
Ihe slofw (i.e. loa times the tangent). Thus if the slope 
25' we find the percentage to be 5-97, which is the 
June thing as the tabular tangent of '0597 to a radius r. 
It is also the same thing as saying that on that slope every' 
fiorizontal stretch of 100 feet has a rise of 5^97 feet. We 
then reverse the slide to show the scale of numbers, and, j 
placing the s'97 of the rule opposite the too on the slide,, 
wecanread off the horizontal equivalents for each difference 
of level. Thus, supposing the elevation of the pomt ^Tom 
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whid) the line was taken was 473, and the slope +, w< 
KhonkI want for 5ft. contours horizontal equhralents foi 
I'll., yf'l., 12ft., and so on, which we find at 35. 117, and 
201. 'I'lu-y should be plotted on with the paper-slip from 
the scale as before. 

When a slide-rule is not available, the foregoing expla- 
nnlion will serve equally well for the use of tables, which is 
K)\ course nuich more lengthy. A set of scales of horizontal 
(•(juivnlcnts should be made for every degree of slope. To 
save jiricking off odd distances, the scales are constnicted 
Iroin the tabular cotangents of the slopes which are the 
horizontal eciuivalcnts to a difference of level of i foot 
'I'hey can also be laid off graphically by erecting a perpen- 
dicular scale at one end of the profile in the manner shown 
(jn Pig. 16, |). 64, and drawing horizontals cutting the base- 
lines at the re(iuired elevations. 

DlSTANCK-MKASUREMENT OTHER THAN ON FoOT. 

Hitherto only pedestrian operations have been dwelt 
upon, and for several reasons the surveyor should keep to 
his feet where he can. He is more independent and can 
better give his attention to his work when he has no animal 
to look after ; he can use the sketch-board as a plane-table, 
and take steadier sights with the prismatic compass. But 
it often happens that he has to ride and to depend on his 
animal for the measurement of his distances. It is better to 
have a horse who walks well than a fast one. A well-trained 
cavalry horse will, according to Captain Verner, R.A., walk 
with much greater regularity than a man. Horses will fall 
into an even pace much better when two are together. The 
walking gait is measured over a chained base. The trot is 
counted similarly ; each rise in the saddle being a * trot. 
As a rough approximation three yards may be counted to 
each * trot.' A canter requires exceptional horsemanship to 
be used to any extent for distance-measurement. 
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When steaming on a river, the speed is measured by 
revolutions of the screw or paddle, by the patent log, or by 
time only. In any case the speed of the current has first to 
be measured before starting, and periodically afterwards. 
A good method is by patent log combined with timing for 
short distances. 

Mr. George Kilgour, M.I.C.E., made a survey for 200 
miles in length with a steam launch between the first and 
second cataracts of the Nile in five days, for the Soudan 
Railway. He adopted time- measurement of speed, for which 
he had three scales, full speed, half speed, and dead slow ; 
the value of the scales was determined by an accurately 
measured base on the centre line of the vessel, at the two 
ends of which, near the bow and stern, two lines of sight 
were placed square with the centre line, by which the time 
was registered in which the vessel passed some well-defined 
point on the bank, such as a cocoanut tree, at the three 
I rates of speed. The survey was made from the deck with 
a plane-table kept constantly in the meridian by the com- 
pass, and astronomical observations were taken at night. 

Distance-measurement by the Range-finder. 

The most recent improvements in this class of instru- 
ment are described in Chapter IX. but a few further 
remarks will here be made upon their use. 

There are cases when they can be used for measuring all 
the bases of a traverse. All that they require is some well- 
defined point to view on and an accurately measured sub- 
base at station. When the bases themselves are not measur- 
able in this way there are sometimes well-defined points close 
to those bases, from which the distances to them can be 
accurately determined and so serve equally well. All these 
instruments require considerable practice in order to obtain 
reliable results every time. Those which have no lens 
k power require a good and quick eye and a steady hand. 
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'Y\w most important feature about the range-finder is that 
it is a rapid means of measuring inaccessible distances ; ' 
and across rough country where pacing is either impossible 
or ver}' inaccurate, it is as reliable as on level ground. A 
range- finder is ahvays valuable as a check on salient points 
off the centre line. 

Unless exceptionally proficient in its use it is not advisable 
to take long shots except as rough checks. It is better to 
keep the bases within i,ooo feet, if possible. An error of 
one foot in sub-base means fifty feet in distance. Two Weldon 
range-finders are better than an optical square and a range- 
finder because then they can be used either in the manner 
explained in Chapter IX. or with the two acute angles or 
with one right angle and one acute. 

Distance-measurement by a Two-foot Rule 

The following method needs no instruments beyond a 
two-foot rule and a decimal scale. One of the old-fashioned 
carpenter's rules, with a brass slide to it, graduated on the 
one side with the logarithmic scale and on the other with 
inches and tenths, will answer the purpose. Or if a Mann- 
heim rule is at hand with its bevelled millimetre scale it will 
give a closer reading, or, best of all, a ten-inch slide-rule of 
the author's pattern described in Chapter IX. with a fifty scale 
on its bevelled edge. This will give an even dividend-number 
and as close a reading as it is possible to have. 

Dividends are given for all three scales below. 

The two-foot rule is held with the eye at the centre of 
the joint, and the legs are spread so as exactly to intercept a 
known sub-base. It is convenient to measure distances up to 
300 feet with a sub-base of hwQ feet or ten feet in the form of 
a pole, with a pair of discs or crossheads painted black and 
white, held by an assistant either on foot or on horseback 
at the point whose distance is to be measured. 

For longer distances, a base oi M\.^ fe^x. ^VovAd be run 
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out "witK a tape by two assistants, who will hold a flaj 

or a disc at each end of the base. The line of sight to th< 

centre of the base should be at right angles to it. This ii 

easily done with a single assistant by a sighting-piece a 

tVie middle of the pole, but when a base is to be taped i 

is easier to set it at right angles to a line of sight to ont 

or otlier of its extremities. In the latter case, if the angle ii 

small the error will be hardly scaleable ; but to be exac 

tlie aperture of the legs of the rule should be measured or 

the square from one extremity to the hne of the other lej 

produced. 

All that is required is to divide the dividend in the tabk 

according to base and scale by the measurement of th< 

aperture of the legs of the rule. The only advantage in thij 

case of a slide-rule is to perform the division, but that is sc 

simple that it can be done mentally when using an Englisl 

scale. 

Dividend-Numbers 



Scale of inch and tenths 
Scale of millimetres 
Scale of inch and fiftieths 



Iiase 5 feet ' IJase lo feet IJase 50 feet 



600 


1,200 


6,000 


1,524 


3I048 


15,240 


3,000 


6,000 


30,000 



Example. Viewing on a ten -foot base, measured the 
aperture of a two-foot rule twenty-seven fiftieths of ar 
inch; required the distance. 

Ans. ^ 2 22*2 feet. 

27 

Good guesses at distance can be made by similar meanj 
without anything more than a base which is itself guessed at 
Perhaps some reader will pooh-pooh such guesswork af 
this, but no one who knows what it is to be without an) 
assistant for measurement and to need some help to the 
mere guess at distance in perhaps a very deceptive piece of 
country wiU under-value such a method as this vA\^t\ XJwe 
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have tried it. In even slightly civilised countries, people 
still build with some system, and mud cabins, log huts, or 
snake fences go pretty much in sizes. 

In countries where they build in brick, one-storey and 
two-storey houses bear considerable uniformity of height 
per storey. Then a man on horseback, or a cow or any 
other animal, may he taken for a guessed base. Even trees 
in old wooded countries, though varying individually up to 
any size, form as a forest a line of approximately equal 
height which can be ascertained for different species and 
used as a base. The suggestive fact is that any height of 
that kind is much easier guessed at than a distance, because 
in the one case there is something to go by, in the other 
nothing. 

Mapping 

\V^e come now to the various contrivances for producing 
a correct graphic representation of the fieldwork upon 
paper. 

The only absolutely true map is a terrestrial globe, but 
as we cannot carry globes about with us we have recourse 
to the principles of projection, which are quite numerous in 
variety, but are all of them artificial representations of a 
spherical, or more properly spheroidal, surface upon a plane. 

If the survey extends over a large area, it becomes neces- 
sary to adopt some method of projection by which, in the 
first place, the distances are reduced to sea-level, and in the 
second place, the meridians converged or distorted so as to 
allow for curvature. 

When the survey is a continuous traverse of a railway 
route this is not necessary. It is not the object of the rail- 
way surveyor to know the sea-level dimensions ; he needs 
the actual length of his road wherever it may be. The dif- 
ference in length between a degree of latitude at sea-level 
and at 528ft. (jV niile) elevation is only about nine feet. 
At an elevation oi 5,280 feet (one mWe"^ \X \?oMldbe about 
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92 feet, and the distance-measurement practicable on route- 
survey does not come nearer than that. 

Neither does the surveyor want a distorted map, but one 
to which he can apply a scale throughout ; he therefore does 
not need to take account of the earth's curvature, but plots 
his traverse on a horizontal plane. When the area over which 
a triangulation extends is not large, the surveyor is still able 
to adopt one of two methods of plane construction. 

In the first the meridians and parallels of latitude are all 
parallel straight lines at right angles to one another. 

In the second the parallels of latitude are straight lines, 
but the meridians are converging straight lines, or, if great 
accuracy is needed, curved lines. 

Limits may be given merely to fix the ideas within which 
to use the first or second method, of say 1,000 square miles 
for the first and 100,000 for the second. 

When the survey is in high latitude the spheroidal form 
of the earth much more affects the map than near the equator, 
in which region a belt could be projected all round the globe 
by the first method without sensible error. 

Taking as an illustration of the extreme limit given for 
the use of the first method, 1,000 square miles ; this area 
would be contained in a square of which the side was not 
quite half a degree ; let us lay down two plots of squares of 
which the side is 2°, which will embrace an area of about 
16,000 square miles, or sixteen times the limit given, and 
examine from it what the error would amount to in using 
the first method, at a mean latitude of 32°. 

First, By mean longitude. The length of a degree of 
latitude at 32° is 68*90 statute miles (see table, p. 175), and 
the length of a degree of longitude at that latitude is = 5870 
miles (see table). In the centre of the paper draw a hori- 
zontal line to represent the middle parallel of latitude, and 
through its centre erect a perpendicular to represent the cen- 
tral meridian 5° of longitude, and lay off upon it 68*90 miles 
above and below, and through the ends draw parallels to 
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represent 3 1 ° and 33° of latitude. Lay oft on the middle 
parallel 5870 miles on each side of the centre, and for the 
first method rule up verticals to represent the meridian of 
4° and U"" longitude. The whole figure will then represent 
four equal rectangular quadrilaterals. 

Vox the second method lay off on the 33** parallel two 
lengths of 58*09 miles, and on the 31° parallel two lengths 
of 5()'32 miles, being the length of a degree of longitude at 
the resi)C(:live latitudes (see Table XXV. p. 175), and com- 
j)lete the figure. 

The error of contraction at 31° will be seen to be = 1*2 
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miles, and the error of expansion at 33°= 1-22 miles by the 
first method. No error exists on lines running due north 
and south. A diagonal through one of the quadrilaterals is 
subject to an error of about half a mile, but on a diagonal 
clear through the figure there will be hardly any error, 
because the contraction in the upper almost exactly balances 
the expansion in the lower. 

At the same latitude a similar figure bounded by a ^ degree 
of latitude and covering an area of 1,000 square miles would 
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ave an error of expansion at the top of the sheet of about fifty 
'ards and a similar error of contraction at the bottom. 

This matter of possible error has been gone into numeri- 
ally to fix the ideas before commencing to plot a survey 
rithout wasting time in deciding upon whether to use pro- 
ection or not. 

The second method) of straight converging meridians, 
nay be used with quite sufficient accuracy up to a latitude 
jf 65° for stretches of 100,000 square miles, and there is not 
much work done above this latitude anywhere. 

It may be said, therefore, that the method of plane con- 
struction meets all the ordinary requirements of the surveyor, 
but in case he may be called upon to reduce extensive surveys 
to atlas scale it may be as well to explain the principles of 

Conical Projeci^ion 
A globe may be conceived to be wholly contained 
inside a cylinder or partly contained inside a hollow cone. 

For purposes of projection the cylinder must have a 
diameter equal to that of the globe, but the cone must be 




""^ such dimensions that its sides will be tangential to the 
'^dius of the sphere at the point of contact. Supposing 
the earth to be thus conuined ; a belt of a few debtees ou 
^'fher side of the equator might be conceived lo^ie'i^- 
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wrapped or developed on the cylinder without sensible error. ' 
This answers to plane parallel construction. 

Similarly a belt of the cone may be developed as shown 
on Fig. 19^, with converging meridians and with curved 
parallels. Maps of continents are drawn in the atlas upon 
this principle, and being of large extent the apex of the cone 
is determined, and the radial parallels of latitude drawn 
direct from it, with trammels. 

Example, It is required to project by conical projection 
a belt of 10° longitude, say from 20° to 30° east, whose 
middle parallel of latitude is 50°. The width to be 10^, /.<?. 
from 45° to 55° ; the scale 100 miles to the inch. Draw 
the scale of miles at the foot of the paper. Draw a hori- 
zontal base-line in the middle of the paper, fix its centre, 
and draw a perpendicular through it from top to bottom. 
The base will represent the chord of the middle parallel, 
and the perpendicular the central meridian 25° longitude E. 
Calculate the length of the chord by following formulae. 

Radius of Cone-=.xdA, of earth x cotan lat. = 3,950 x 
cot 5o°=3,3i4=R. 

Central a ngle = total longitude x sin latitude = 10° x 
sin 5o°=7°-66'=A. 

Chord -D • A v. • o o / -i 
=:R sm -=3,314 xsm 3°-83' = 22i miles. 

2 2 

Versed sine^=-^ — ^ cosin =7*4 miles. 

2 

Lay off on each side of the centre, and 221* 

2 

less 7*4 on the perpendicular, and 7*4 below the centre. 
Then from the apex draw the middle parallel through the 
extremities of the chord and the versed sine, and join the 
apex to the two ends of the chord for the two extreme 
meridians 20° and 30° east, upon which, on either side of 
the middle parallel, lay off distance, = the latitude for each 
degree (see table on p. 175), and describe the arcs of the 
remaining parallels. 
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Then for the meridians draw the bottom chord to the 
parallel 55^, subdivide it into ten portions, and draw radial 
lines to the apex. 

If the radius of the cone be inconveniently long for 
plotting, lay off the extreme meridians by protracting an 
angle at each end of the chord to middle parallel equal to 

— . In this case the angle would be 86*17°. Draw 

2 

top and bottom chords to parallels 45° and 55°, and sub- 
divide each into ten equal portions, through which divisions 
draw the converging meridians. 



Stereographic Projection 

is that in which the great circle of a sphere is assumed as 
the plane of projection, and one of its poles as the projecting 
point. In terrestrial maps it is used for representing a 
hemisphere. The plane of projection is termed the primi- 
tive. Projections of great circles drawn through the pole of 
projection are straight lines, and all others are circles. The 
centres of all great circles passing through any point in the 
plane of the primitive are situated in a straight line called 
the locus. 

In the stereographic projection of the eastern hemisphere, 
the primitive is usually the great circle of longitude passing 
through the 20th western and i6oth eastern meridians, and 
the pole of projection is on the equator at 70° cast longi- 
tude. 

The principal use of this projection to the surveyor is 
for astronomical problems, such as that of * graphic lati- 
tude,' p. 158, or the chart of circumpolar stars on p. 393. 
The explanation of this projection is given in detail in 
Chambers's * Practical Mathematics,' and in Heather's 
* Instruments ' in a more general manner. 
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Mlrcator's Projection 

i:» a dcvtioprncnt of the earth's surface by elongation of the 
meridian, so that a ship's course will always appear as a 
straight line, and is the projection used in the published 
Admiralty chart. They are, however, constructed on the 
principle of 

Gnomonic Projectiox 

for which see p. 89. 
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CHAPTER III 

HYDROGRAPHY AND HYDRAULICS 

When a company is formed to develop the resources of 
some new country like Africa, it often falls to its lot 
either to make new harbours or improve natural ones, to 
canalise rivers or to deepen them ; and the pioneer surveyor 
has to be prepared at least to make a hydrographic chart 
of a considerable degree of accuracy, to measure the dis- 
charge of streams and rivers, or possibly to undertake trial 
borings, soundings, or even dredging on a small scale for 
the purpose of estimating the cost of a proposed work. 

This chapter will be occupied with short descriptions of 
methods adopted in carrying out such operations, keeping 
strictly to preliminary work. 

Hydrography on Land 

Some of the naval surveyor's methods differ but very 
little from that of the land surveyor. He chains base-lines, 
plants permanent trigonometrical stations, triangulates with 
the theodolite, and reduces his work to sea-level. It does 
not come within our province to follow up such lengthy 
methods as these. We will content ourselves with the 
subject technically called coast-lining, which signifies the 
mapping of the shore-line, either from the ship, aided or 
unaided by points on shore, by boats, by traverses on foot, 
or by combinations of all the above methods ; togelhex '^Vx.Vv 
, a short paragraph on Boat-survey of rivers. 



S2 Preliminary Survey 

Coast-lining on Foot 

This, where practicable, is the best way of rigorously 
determining all the small indentations, creek-mouths, 
directions of small streams, &c. Boating tends to over- 
sight in these particulars, whilst from the ship itself only 
the general outline can be obtained. The first thing is to 
obtain fixed points on the shore visible from one another 
from which to fill in the intervening detail. These may be 
salient points in nature, such as prominent rocks, trees, or 
houses, or else they may be beacons, cairns, or flagpoles, 
whitewash marks, or any other artificial stations. 

Their position is determined by astronomical observa- 
tion, and the base is measured by difference of latitude on a 
meridional line or by a meridian distance. These problems 
are described in Chapter IV. 

The plane-table is not much used by naval men, but it 
might be made a very useful instrument, both on board 
ship and on shore. They do, however, use an ordinary 
field-board for plotting in details of coast-line from primary 
points, or * fixes * as they call them, plotted previously on 
the board. The intervening work between the primary 
points is put in by telemetry ; they use a ten-foot pole 
with a pair of discs as a base, the angle of which is measured 
by a sextant or micrometer. 

The pole is maintained square with the observer by a 
directrix at its middle, or else it is swayed slowly in a hori- 
zontal position until the observer has measured the maxi- 
mum angle. 

Another plan, where the ground is sufficiently open to 
admit it, is to use a 500 feet lead-line run out square from 
one end of the line to be measured. Fig. 20 is taken from 
Captain Wharton's * Hydrographical Surveying,' and repre- 
sents a method largely used by Lieutenant W. U. Moore in 
the survey of the Fiji Islands, and performed by two officers 
only. Starting at A officer No. i moves on to B, leaving 
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officer No. z at A with the lead-Hne, who fixes a flag at A 
and mns out his line either with an optical square or a ' 3, 
4, and 5 ' line, and plants another flag at its extremity. 
Officer No. 1 then measures the angle between the flags 
=5ooxcot 9. Each officer then takes sextant angles to 
salient points pre- 
viously determined 
along the shore, so 
as to make intersect- 
mg rays for subsidiary 
' fixes The> then 
travel to meet one 
another, filling m de 
tail by beanngs with 
the prismatic com 
pass and distances 
with the micrometer 

and ten foot pole or sextant and ditto The writer never 
laving done this kind of work cannot speak positively, but 
bethinks it probable that thL plane table would be found 
preferable for the fill ng in of detail between the extremities 
of the base The subsid ary fi\es form independent checks 
to the detail and if a plane table were used errors could be 
n»re easily elimmated at the time 

SURVEMNG WITH BOATS 

Rock bound coasts, or rivers with banks covered with 
•fcnse jungle are best surveyed with boats The use of 
boats in coast lining does not much alter the methods 
already mentioned we will therefore confine ourselves to 
boat survej of nvers \ steam pmnacc is used vrhenever 
one 5 obtainable and provided with a compass and patent 
log The latter is attached to the gunwale and the fan 
towed astern The pnsmatic compass Stands on a tripod 
in the stem. The velocity of the current is measured 
'rooi time to tim? by anchoring in midstream. \ CMnenv 
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meter should be added to the equipment as being more 
adapted for that purpose than the patent log, especially 
with slow currents. 

When a large-scale plan of a wide river has to be made, 
several boat-parties (Fig. 21) work in concert, four if pos- 
sible ; two on either side of the river, triangulating their 
way up from point to point. Two starting-points are esta- 
blished at the mouth of the river, whose relative position 
and distance has been determined with the utmost possible 
accuracy. Two of the boats remain at these points, and 
the other two move up the river to convenient stations, and 
each of the four boats takes sextant angles to the other 




Fig. 21. 



three. Here the point C is fixed from line AB by the 
angles BAC and ABC, and the point D by the angles 
ABD and BAD ; the angles ACB, ACD taken from 
C and the angles BDC, BDA taken from D, form 
independent checks. The shore-line may be sketched 
by the boats A and B when moving up stream to take the 
places of C and D. If the sounding has to be done 
thoroughly, the boats should return by a diagonal course 
AD, BC, or else the boats C, D, when first moving up the 
river, can fill in the shore-line with the patent log and 
compass angles, and also take soundings along the lines 
AC,BD, leaving the boats A, B, only the diagonal sound- 
4 D, BC to take. 
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Surveying from thk Ship 

A great deal of very good charting is done without any 
onnection with the shore, except the landing of a boat to 
c\ake sound signals. This class of work is termed * Running 
survey.' It is the most rapid though the least accurate of 
any of the methods which are considered worthy of being 
called surveying. The mere sketch independent of any- 
thing more than guesses at distance is not now resorted to, 
although many islands exist in the Pacific, as well as j^or- 
tions of the mainland of Australasia, and other continents, 
where the charts are still, to a large extent, sketchy, and it 
is the important duty of the Hydrographical Department of 
the British Navy to diminish year by year the * terra incog- 
nita,' which presents its ofttimes hidden dangers to our 
, vorld-covering mercantile marine. 

Running survey is often assisted by known points on 
; shore. If there are, for instance, three sharply defined 
peaks whose geographical position has been accurately 
determined, the work is both facilitated and improved. 
For by the station pointer, see p. 367, the ship's place is 
located at any time as long as they are kept in view. As 
^he ship moves forward, her path being thus clearly defined 
^pon the chart, subsidiary cuts are made by angles with 
^ne sextant to salient points upon the coast and the detail 
sketched in. From fifty to a hundred miles of coast-line 
^^ be thus put in in a day. 

When no assistance of this kind can be obtained from 
^"C shore, the base is obtained by sound-signals. The 
vessel is maintained as nearly as possible in the same 
P^ition, whilst a party on shore and a party on board 
^ternately fire guns within sight of one another, so that 
^ne time between flash and report may be taken by the 
chronometer on either side. During this operation angles 
^•^e being taken by the sextant to all the important yoints^ 
^^ich can he seen both from the shore station aiv^ Itovxv 
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the ship. When the length of the base is determined by 
the sound signals, the landing party returns on board, the 
various peaks are located on the chart by intersections, and 
henceforth serve as known points from which to identify the 
ship's place at any time as she travels forward. 

Sound travels at the rate of about 1,090 feet per secot^^ 
at a temperature of 32° F. and increases its velocity at tb^ 
rate of 1*15 feet according to some authorities, and i'^) 
according to others, for each degree Fahrenheit of rise '^ 
temperature, or vice versd for fall of temperature. 

The object of signalling from both ends of the base ^^ 
to counteract the effect of the wind, which greatly affe^^^ 
the accuracy of the result. It is not, however, always ^^^* 
sorted to. 

The firing is done by prearranged signal, such as t M^^ 
dipping of a flag, in order that no time may be wasted ^" 
looking out. 

Chronometer watches beat live ticks to two second^s* 
English lever watches nine ticks, and Geneva watches ten tic»^-^* 

When watching for the warning signal with a telescop^^' 
the watch should be tied to the ear with a handkerchi ^^ ' 
and the counting commenced thus : nought, noug*^ ' 
nought, until the flash is seen, then one, two, three, to t^ 
At each ten one of the fingers is put down, so that the ^^ 
fingers will represent one hundred beats or forty secoi'- 
with a chronometer=about eight and a quarter mil^ ' 
which is longer than bases are usually measured in this w^^^*^. 

The following example is from Captain Wharto^^ 
* Hydrography,' p. 64. 

* In meaning the result the arithmetical mean is not strict^ ■^ 
correct, as the acceleration caused by travelling with t*^ 
wind is not as great as the retardation caused in the oppo^^ 
direction, as in the latter case the disturbing cause has de^^^ 
acted for a longer period. The formula used is 
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where T is the mean interval' required, / the interval 
observed one way, f the interval observed the other way. 
The mean interval thus found multiplied into the velocity 
of sound for the temperature at the time will give the required 
distance. 

* As an example let us suppose A and B the two ends of 
the base to be measured. 

* At A have been observed — 

46 beats with watch beating 5 beats to 2 seconds. 

47 » J) J) j> 

4" » )j )> >) 

Mean 46*33 beats= 18*532 seconds. 

81 beats with watch beating 9 beats to 2 seconds. 
"^ >> >j >> >) 

"3 J> )> >) n 

Mean 82 beats= 18*222 seconds. 
Mean at A=i 8*376 seconds. 
' At B have been observed — 
85 beats with watch beating 9 beats to 2 seconds. 

QQ 

Mean 86*66 beats=i9*258 seconds. 
47 beats with watch beating 5 beats to 2 seconds. 

47 >? »j )» J) 

4*^ >) )> )> >j 

Mean 47*33 beats= 18*932 seconds. 

Mean at B= 19*095 seconds. 

2 //' 
Then working, T = -, ; = 18*728 seconds. 

' Temperature 80° F., at which velocity of sound= 
1,145*2 feet per second x 18*728 seconds= 2 1,448 feet.' 

The temperature must be taken in the open air with the 
thermometer shaded from the direct rays of the sun, but not 
in too cool a spot or it will not give the true temperature ot 
the free air. 
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The small island shown on fig. zi is a copy froni a 
recently made chart kindly knt by Lieulenani Vernon 
Brooke \Vebb, one of the hydrographers of H.M.S. ' Dart ' 
on her expedition to New Guinea. It will serve lo illustrate 
the rapidity of running survey : the time actually occupied 
was nineteen hours, no special hurry having been made 
over the wort. The distance covered is about sixty 
miles. The method was running survey, aided by several 
fixed stations on a neighbouring island, from which the 
.idiip's place could be located whilst on one side of the island 
'by the station -pointer. The vessel steamed at about four 
miles an hour, towing the patent log all the time, and taking 
soundings where shown. These being pretty deep occupied 
about ten minutes each. On the further side of the island 
all the distance -measuring was done by patent log. The 
hills were put in by sextant angles, both for position and 
elevation. The rivers were shot in with compass angles. 
The inhabitants being cannibals, the island was not explored 
inland. The graduation is a little displaced in order to bring 
the mat^in within the sheet. 

The following are the notes appended to this chart :— 



Current ; 
springs riEC 5 ft,, neaps. 



id 5 kii, knots; H.W.F. Sc C ix' 
i, 3i ft ! B., bay ; C, cape ; Cr., creek ; 
!>,, doubtful; H",, head; H'., harbour; 1., island; L,, lake; P., 
poit : P'., point ; R., ri^er; Rk., rack. 

bU., black; c!. , clay ; crl., coral ; I,, Kne ; g., grs.vel ; li.. hnrd ; 
., mud ; r., rock ; s., sand : ^h., shells; .sL, stones. 
Figurts on the land show the heights in feet. 
Bearings lo the marks and views aie maEnelic. 
Soundings in fathoms. 
Magnetic variation in 1S90, neatly stalinnary. 



Gnomonic Projection 



I 



The Admiralty charts are now all constructed upon thi? 
projection aiid published on the Mercator's ^w'^l'^'^-'^^'^^ 
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Gnomonic projection is very similar to conical projection, 
but the plane of projection is not the development of a 
conical zone ; it is a true plane touching the sphere only at 
one point, viz., the middle point of the central parallel. The 
convergency of the meridians is measured by the difference 
of true bearing of one point from the other at the ex- 
tremities of the map. 

It is the only projection in which all great circles are 
represented by straight lines, so that spherical distances from 
point to point are scaleable all over the chart when it has 
been properly graduated. 

This does not mean that one scale may be used through- 
out, but, unless in very high latitudes, considerable portions 
of the chart are practically to one scale and the graduations at 
the side give the scale at any point. 

The actual length of any projected line measured on 
a meridian from the middle parallel is proportional to the 
tangent of the latitude. 

It will be seen from the following illustration, that at 
a scale of lo miles to the inch in 45° latitude, a stretch of 
250 miles square, or 62,500 square miles, would not differ 
in measurement from a plane construction with converging 
meridians ; because the lengths of the tangents at that scale 
arc sensibly equal within 2° on either side of the middle 
parallel to the developments of the spherical distance. The 
difference at 2° between tangent and arc is '0000222, and if 
we consider 'oi inch as the limit of scaleable quantity, we 
get 37*5 feet as the limit of radius at which error is appreci- 
able, which is equal to about 8| miles to the inch. 

The natural scale, or the proportion which the chart 
lineally bears to the actual size in nature, is obtained by 
dividing the number of inches in the nautical mile at the 
latitude by the number of inches corresponding to one mile 
on the chart. The result will be the denominator of a fraction 
whose numerator is one. 

Thus, supposing the scale to be 1 '8 inches to a mile in 
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ititude 3°, we divide 72,552 (the number of inches in a 
aile, see Table XXVI., p. 175) by i'8 ; this gives ^q\-q^- as 
he natural scale, which should be noted on all sheets that 
le not graduated. 

ILLUSTRATION OF LiMIT UP TO WHICH PlANE CON- 
STRUCTION DOES NOT SENSIBLY DIFFER FROM GnO- 

MONic Projection. 

Scale 10 miles per inch=^^g^--(y. At a mean terrestrial 
radius of 20,888,628 feet the length of radius to scale= 
32*968 feet. The length of 1° from central parallel on 
central meridian= -5 7 546 feet. The length of2° = i-i5i27 
feet. 

But the mean length of a degree of latitude=69*05 
miles, and at 10 miles per inch=6'905 inches or '5754 feet. 
Therefore the projection is sensibly equal to the develop- 
ment of the spherical distance within at least 3° of latitude. 

As it is not likely that the surveyor would be called upon, 
unless with proper notice for obtaining his special map 
equipment, to carry out so extended a survey as to need 
the exactitude of the above method, it will not be further 
dwelt upon. 

He will find a thorough description of the gnomonic 
projection in Capt. Wharton's * Hydrography,' Murray's, 
Albemarle Street. 

Symbols in Charting 

The annexed specimen list of symbols, taken by Capt. 
'•barton from the Admiralty Manual, shows the authorised 
delineation, and is reproduced here almost verbatim. 

The Days of the Week. 

. Sun's day 

. Moon's day 

. Teut's day 

. Woden's day 

. Thor's day 

, Friga^s day 

. Saturn's day 



Sunday 

Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday . 



Sun 
Moon }; 
Mars $ 
Mercury 5^ 
Jupiter 2^ 
Venus ^ 
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The following Signs arc tised in the Fieldbooks, 



Cutting 



'j^i>t^^ju*MkiH::s! 




Embankment 




Objects in line, called transit ^ 

Station where angles are taken .... A 

Zero, from which angles are measuretl . ' • 

Single altitude sun*s lower limb ... • 

,, ,, „ upper limb . . . .0 

Double altitude sun*s lower limb in artificial horizon 



»» 



>» 



„ upper ,, 



>> 



>> 



Sun*s right limb . . . . - 
Sun's left limb ..... 
Sun's centre ...... 

Right extreme, or tangent, as of an island 




01 

10 



Left 



>> 



>> 



>> 



■< 



Zero correct . 


• • • • 1 


. ZK 


Windmill . 


• • • • i 


. -8: 


Water level . 




• iV» 1* 


Whitewash . 




. w. w. 


Bridge . 




• • 



Sand 

Low water, sand edge 

Mud, dry low water . 



In Colouring. 

Gamboge, dots black. 
Gamboge, dots carmine. 
Neutral tint, edge of fine black dots. 
Coral, dry low water or any rocky) J "^"/"t "^^^^ ^"d carmine mixed 
ground covering and uncovering} ( f'"' '"'^^ ' ^^^ ^"^^' ^"' ^^S- 

Cliff ...... Dark neutral tint. 

Roads ..... Burnt sienna. 

1 Either a faint wash of cobalt all 
over the area included within 
the fathom line, or a narrow 
edging of the same colour inside 
the dots of the fathom line. 
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Signalling with Heliostat or Heliograph 

These instruments are described in Chapter IX. Their 
use is also sufficiently explained to dispense with anything 
further here. 

The following description of the methods used is nearly 
verbatim from the * Military Handbook of Signals.' 

The Morse code is that which both military and naval 
officers use. It has nothing but a combination of dots and 
dashes for its basis. 

The duration of the flash is what constitutes it a dot 
or a dash, and practice is required both to give uniform 
durations and to read the signals. An unpractised signaller 
at the receiving station can take down the flashes by dot 
and dash on paper and afterwards read them off. In giving 
the signals, the transmitter should count, say, ten for a dash 
and three for a dot, or less when in good practice. Counting 
the duration of the dot as a unit, the pause between each 
letter should be three, and between each word six units. 

Table XV III,— Alphabet . 



A • — 


N • 


B — • • • 





C • • 


P . 


D • • 


Q--.- 


E • 


R • • 


F • • — • 


S • • • 


G 


T 


!!•••• 


U • • 


I • • 


V . . . 


J . 


w • 


K — • 


X • • 


L • — • • 


Y . 


M Z • • 

Numbers. 


I • 


6 — • • • • 


2 • • 


7 • • • 


3 • • • 


8 


4 • • • • — 


9 . 


5 

1 


° 



.<'.-•- .. ■ '- 



Ik &* .-_ 
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PunctucUion, 

Full stop • • • • • • 

Preparative and erasure, a continuous succession of dots. . | 

I 

The preparative sign is to call attention. To answer it ' 
the received either gives the 



General Ansiver 

— a single dash, or else he gives the code letter of his name 
or station. 

When intended as an erasure to signify that a mistake 
has been made by the transmitter, it should be answered by 
the erasure signal. 

The Break signal I I • • • • is used between the 
address and text of a message, and after the text if the name 
and address of the sender are to be signalled. 

The Completion signal V E • • • — • but sent as a 
group, not two letters, denotes the completion of a message. 

* Repeat * I M I given continuously • • • • 

The rigure signal F I • • — • • • means that figures 
are intended. 

The Figure Completion signal FF«« — • •• — • 
means that figures are done. 

Indicator • — • — is sent at commencement and 
conclusion of message. It is answered by the same signal. 



.1 



All right . 
Go on 

Move to your right 
Move to your left 
Move higher up or fu 
Move lower down or 
Stay where you are 
Separate your flags 
Use blue flag . 
Use white flag . 
Uae large flag . 



ther oir 
closer 



R. T. 
G. 
R. 
L. 
H. 
O. 

S. R. 
S. F. 



B. 
W. 



j>- 









Your lighl is bad . 




. L. B. 


Turn off extra light . 




. T. O. L. 


Wait 




. M. Q. 


Say when you are ready 




. K. Q. 


1 shall signal without eipc 


lirg annwer^ 


, K. K. K 



In America the signal for all right is O. K., siiiiposed ( 
have been invented by a Mr. Joshua Billings. 

Some of the above signals refer to flag and light signal 
The lime-light apparatus is not described in this work, bi 
the flag system n-ill be here explained. 
FiAij-SiCNALi.iN.-; 




The Morse alphabet is used, but the duts and dasht 
are made by movements of the flag and not simply fc 
exposing it. ^ 

Either large or small flags are used. They are bd 
made of the same material, a sort of muslin, and of tli 
colours, white with a blue horizontal strip for use with a daj 
background and dark blue for use with a hght background 

The large flags are three feet square mounted o 
five feet six inches long, one inch diameter at the butt and 
Xspering to half an inch at the top. 



I 

96 Preliminary Survey 

The small flags are two feet square mounted on a pole 
three feet six inches long, three-quarter inch diameter at tbe 
butt and tapering to half an inch at the top. 



Army Flag Drill 

Largo flags. The signaller may work from left to right 
or from right to left, or may turn his back to the station to 
which he is signalling, according to the direction of the 
wind, so that the flag may be waved from the normal posi- 
tion against the wind. 

To make a dot. Wave the flag from the normal position 
a^ Fig. 23 to a corresponding position, ^, Fig. 24 on the 
opposite side of the body, and without any pause back to tf, 
Fig. 23, keeping the left elbow close to the side. 

To make a dash wave the flag from a^ Fig. 23, to r, Fig. 
25, so that the point of the pole nearly touches the ground, 
still keeping the left elbow close to the side and straightening 
the right arm ; make a short but distinct pause in this posi- 
tion and then return to a, Fig. 23. 

When signalling a letter, say R, • — • the flashes repre- 
senting it should be made in one continuous wave of the 
flag, taking particular c:are that no pause is made when at 
the normal position. 'J'hus to make R wave the flag from a, 
Fig. 23, to l\ Fig. 24, back to a^ Fig. 23, and without any 
pause down to r. Fig. 25 ; slight pause at c (see instructions 
for making a dash), back to a (Fig. 23) ; then without pause 
to h^ Fig. 24, and back to the normal position a^ Fig. 23. 
A pause equal to the length of a dash should be made at 
the normal position «, Fig. 23, between each letter of a word 
or a group of letters. When the word or group is finished 
the flag pole is lowered and the flag gathered in with the 
left hand. 

A slight pause should be made at the normal position 
heiore commencing a word ox gcowp. \xv x^evving a 



the flag should be lowered and gathered iii until 

[equired for answering. 

In order to keep the flag always exposed while moving 
cross the body to form the flashes the point of the pole 

should be made to describe an elongated figure of 8 in the 

With clear sending and under favourable conditions these 
Iflags can be seen and read with the ordinary service telescope 
at distances up to twelve miles. 

Uniform unbroken backgrounds are always better thari 
■ broken ones. Bare earth rocks and trees form the darkest 
backgrounds, and these appear darker or lighter in propor- 
ilion to their distance in rear of the object projected on them. 
If far off the background will be lighter, if immediately be- 
Tlitid the object it will be darker. Sky forms the lightest 
Wckground and then water and distant land ; green or 
siublile fields form an intermediate class of backgrounds 
it which light or dark objects appear almost equally 
As dark backgrounds appear darker in proportion 
ire nearer to the object, so white backgrounds, such 
cliffs, whitewashed walls, &c., appear lighter under 
; conditions. The position of the sun should always 
;en into consideration in applying the foregoing obser- 
All backgrounds become lighter when the sun is 
i«ppDsite to them and darker when it is behind them. An 
Kception to this rule is, however, found in the light mists 
"fiich rise from valleys towards evening or the smoke of 
lobitationsi which both form a lighter background than the 
summnding country, whate\'er he tlie position of the sun. 
Tnfi most favourable conditions for flag-signalling are a 
tieu atmosphere and a clouded sun. 

Standarh of Efficiency 
For the standard of efliciency the minmnm rates of 
I'^ding correctly from and sending a test message >k\1\\ ttie 
■ Jnstniwents are as follows. 
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I .;ir^c ilag al the rate of . 


9 words per minute 


Small Hag ,, „ 


• '2 ,, ,, 


I-anip 


• »<3 ». M 


Heliograph ., ,» 


• lO ,. 



The degree of accuracy is tested by the percentage (A 
letters read correctly. A man is reckoned as — 

Vory accurate who can read 97 per cent, correctly 
Accurate . . . •95 >> ,, 

Kairly accurate . . '93 }* t, 

Inaccurate . . '90 ,, 

Very inaccurate . below 90 ,, 

Tides and Currents 

The soundings on charts are given in fathoms of depth 
at low water of ordinary spring tides because those are the 
limes of highest high water and lowest low water. For the 
llieory of tides the reader must study works of a different 
character from the present one. Some definitions of terms are 
given in the glossary. No satisfactory data can be obtained 
from a casual investigation ; observations should be made 
at different times of the day, month, and year, and the results 
registered in a systematic manner. The pioneer surveyor is 
not supposed to have as much time as this at his command, 
and we shall therefore confine ourselves to practical detfiils 
for a preliminary examination of tidal phenomena. 

Datum 

A fiducial point should be chosen on shore as near as 
possible to the position where the register is to be kept, but 
safe from any encroachment of the sea. A hard rock point 
or a benchmark on a house or tree will do. If there is only 
a sandy beach sometimes a piece of old iron pipe 6'' di^' 
meter is obtainable, which filled with Portland cemen^ 
concrete makes a very durable dalwm. 



I 



I Tide Gauge 

If a pier is available, a planed board is lashed to it 
marked in feet and tenths, the former being painted red, 
white, and blue alternately so as to be read at a distance. 
M there is no pier, a pile must be driven and stayed. To 
tiie side of the pile the planed board is attached, or else a 
simple maximum and minimum device is constructed of a 
leasing made with four boards and containing a float main- 
tiuned in position by guides working in slits and having 
I indicators one above a guide, the other be!ow the opposite 
I guide. These indicators have to be set twice in the twenty- 
[ four hours and are then self- registering. Or else if left for 
I any length of time they will leave on record the maximum 
lum during that period. 
The registration is made from simple inspection of the 

fi-board, the zero of which has been previously levelled 
levelling instrument from the datum point on 



lere are many elaborate and expensive self- registering 
luges for use on permanent works of construction or 
it hydrographical work. 
^A very beautiful repertory of tidal instruments was ex- 
ibited by Sir William Thomson at the Institution of Civil 
Engineers in 1881 in connection with his lecture on that 
scbjecl. These comprehended a tidal harmonic analyser, 
* tide predicter, and a model of the No. 3 Clyde Tide-gauge. 
Wave disturbance is almost entirely annulled in the floater ; 
tlodtwork mechanism records by either an ink or a pencil 
■Offlker the movement of the tide upon a revolving diagram 
I'^e the steam-engine indicator. The abstruse calculations ot 
'iK harmonic analysis ate replaced by those of an automatic 
"it^tor, and the time, not merely of high or low water, but , 
"": position of the v/ater-level at any particular x^ort, '\s i^iti;- 
^1^ for any time of day of any future year. 



I rti- vc*. ■ ::> of ■.v.rrer.is a: <ea are generally taken by a 
s:..:» :i: ar.r h^tr with a cuirenr -meter. Thev are also ascer- 
tin:- '': hy <'''-er\:r.j a drifting boat from two points upon 
i:.'.- -i.orc. \\'::cn far o'jt a: >ca they are calculated by 
f MI.: r-.r.wj. \:.k: days n.:n. ascertained astronomically with the 
riL:i:r-.- of the latent log. makinc allowance for instrumental 

An L';cment::ry explanation of tidal phenomena, together 
V.:-:. }.:j:: ar.«l 1«j\v water at the principal pons of the United 
I! nL'do!:! and tidal constants for minor ports, is given in 
\\ '.ir.ar:er*> Almanack, which should form jxirt of the travelling 
iihr.'irv jjf uverv >ur\-evor. 

rii«; vclo' itv t»f river currents is best taken bv current- 
meter, unlL?>r» sufficient time is available for obtaining the 
data rc'suirid hv Ku tier's formula. 

Moat- arc cither surface-floats, of wood or wax or vertical 
lin tiiij.;s loaded at bottom. In large rivers the average of 
J Ik- vcrti' .'d floats, which gives the approximate mean velocity 
.It tlirit -it tion, has been found to be about -g of the surface 

v I'l' :; . 

Hydraulics 

Thi- numerous problems of more or less complexity 
o' nirring in hydrostatic and hydraulic science are peculiarly 
'.uiiable to treatment by the graphic method, and by the use 
ai VAViiy :,ral<: diagrams may be solved with a greater degree 
of mallK-m.it i<al precision than is actually necessary with 
any lormnla, by reason of the element of uncertainty which 
in hydraulics nuist always attach to the resisting power of 
iIh- rondiiit. I'or the approximate estimates which the pre- 
hmiiiary surveyor has to prepare, the small-scale diagrams 
Oh I'lati- I. I'ig. 26, and Figs. 28, 29 will be found amply 
suffix i«-nt ; any slight inaccuracies due to scale will not pro- 
<hi< r variations in the final result as great as those between 
I wo autJMirities like Beardmore and Kutter as exhibited 
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later on. The formula of the latter engineer has been 
adopted as being the most comprehensive and in accordance 
with recent experiments. Messrs Ganguillet and K utter, 
Swiss hydraulic engineers, have of late years developed the 
theory of flowing water in open channels, and have furnished 
a formula of greater complexity than most of the preceding 
ones, but held by modern authorities to be superior in 
accuracy. However perfect the formula may be, an element 
of uncertainty must always exist as far as rivers are concerned, 
because the coefficient of roughness in the conduit, or 71 as it 
is called by Kutter, has to be obtained, to some extent by ex- 
periment but largely by judgment based upon actual study 
of the ground or channel. Plate I. Fig. 26 for finding the 
coefficient C is constructed for English measurement and 
will embrace all ordinary cases, but where much work is 
required it will be found advisable to construct a diagram 
to a large scale, for which full directions are given in 
* Traut wine's Pocket Book.' 

It is evident that the varying velocities in any conduit of 
water must arise from the force of gravity modified by the 
resistances of the surface ; from natural roughness, vege- 
table growths, bends, &c. ; the consistency of the fluid, the 
wind, and it may be other causes. 

Kutter's formula, like those of other good authorities old 
and new, is based upon the theory that the resistances to 
ftow are directly proportional to the area of the surface 
exposed to the flow (which would be, in the case of pipes 
running full, the entire internal surface) and to the square 
of the velocity. The formula stands thus for English 
measurement : V=C s/ RS. In which V=velocity in feet 
per second ; C a coeflficient derived from three independent 
J^nable quantities — the resistance of surface, hydraulic mean 
epth, and slope ; R is the hydraulic mean depth ; S is the 
^P^ or sine of the angle of slope. 
-^he velocity V is the mean velocity of the whole sltca.m^ 
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and is the only reliable means of ascertaining the dischaige. |_ 
lixperimental determinations of sur&ce velocity by floats 
are very useful, but are generally too local to give more tian 
an approximate result. The mean velocity varies in laige 
rivers from '85 to '95 of the surface velocity found by 
floats. 

The coefficient C is obtained directly from Fig. 26 by 
drawing hnes from the horizontal scale of R, that is the 
hydraulic mean depth, to the intersection of the hyperbolic 
slope curve S with the radial 'roughness' line n. This 
line will cut the right-hand side of the vertical scale OC at 
the value of C. The dotted line shown on the diagram is 
drawn from a hydraulic mean depth of 50 feet to the inter- 
section oin— '02 with slope of i in 2,500 ; the coefficient C= 
123 is halfway above the first subdivisions from 120, each of 
them being 2. 

Any intermediate curves or radial lines may be interpo- 
lated by the eye with quite sufficient accuracy. 

The value of 71 is obtained from the following table. 

Tahli-: XIX.- Artificial Channels of Uniforfn Cross- Section. 

Coefficient 
of roughness, 
n 

Sides and bottom lined with well-planed timber . '009 
Sides and bottom rendered in cement, glazed ware, 

and very smooth iron pipes . . . . 'Oio 

I to 3 cement mortar, or smooth iron pipes . 'Oi i 

Unplaned timber or ordinary iron pipes . . '012 

Ashlar or brickwork . . . '013 

Rubble ....... '017 

Channels subject to Irregularity of Cross-Section. 

Canals in very firm gravel '020 

Canals and rivers of tolerably uniform cross-section, 
slope, and direction in moderately good order 
and regimen, and free from stones and weeds '025 
Having stones and weeds occasionally . . '030 

In bad order and regimen, overgrown with vege- 
tatioUf and strewn with sVones axid deVdVos •ci'V;^ 
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Messrs. Trautwine and Hering use -015 as a value of n 
r ordinary brick sewers instead of '013 given by Kutter, in 
^nsideration of the * usual rough character of sewer brick- 
3rk.' This remark would not apply to the London and 
iris sewers or to those of many other large cities, where 
e brickwork is exceedingly good ; but unless properly main- 
ined the coefficient would soon increase. 

The hydraulic mean depth R is equal to the 

area of wet cross-section 
length of wet perimeter abco. 




In the case of a circular culvert or pipe running full, R= 

— =- or - where r=radius and ^=diameter. When 
27rr 2 4 

^alf-fuU R is also = - and the velocity will be the same. 

4 
At 75 of the diameter, i.e. \ full, R=D x -3. When \ 

ullR=Dx'i5. To obtain the hydraulic mean depth of 

irregular conduits such as rivers, the cross-section must 

be taken by soundings and the area measured. 

The slope is usually termed the sine of the angle made 
W the average bed of the channel with the horizon. At the 
sniall angle of most rivers and sewers the sine is sensibly the 
^anie as the tangent, but why it is called the sine is not clear 
lo the writer, because slopes are usually from convenience 
described in the ratio of base to perpendicular, and not from 
hypotenuse to perpendicular. 

The length of the conduit is always supposed to be 
"Measured on the level, and it would seem to be proper to 
take the ratio from that rather than from the sloping length. 
The table of tangents corresponding to some leading slopes 
^^^tetper mile given on p, 248 will be found suffici^xvX. \y^ 
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the aid of the slide-rule to obtain any required tangent, and 

the method of interpolating is there explained. Both the 

hydraulic mean depth and the tangent of slope are often 

very small decimal quantities of which the square root has 

to be extracted. Another short table is given, on p. 249, of 

leading values of squares of decimals by aid of which the 

operation is greatly facilitated. The diagram only gives 

slopes up to 'oi, that is, i in 100. Above that the coefficient 

C remains the same. The formula upon which the diagram 

for finding the coefficient C is constructed is for English 

measure — 

.>- ^^ '00281 ,, I '81 1 
41-6 X-, X 

P__ slope n 

f /: V. '00281 \ ,, 
( 41-6 x-^i— ) x« 

j_|. V .^IgP^ / 

\/mean radius in feet 

When the velocity in feet per second has been obtained 
from the diagram and formula V= C n/RS, the discharge, Q, 
is obtained in cubic feet per minute by the simple equation 
Q=V X4712 D'-^for circular sewers where D=diam. in feet. 

In irregular channels and generally Q=area in square 
feet X vel. in feet per second x 60. 

Example i. What is the velocity in feet per second and 
discharge in cubic feet per minute in a circular brick sewer 
running full ; 2 feet diameter ; slope S = ro feet per mile= 
00189 \ R=*25 ; I ->=' 5 ? 

RS= '000945. v/RS= 0307 ; C by diagram 4 is found 
to be (using a coefficient of '015 for «)=85, and ¥=85 x 
•0307 = 2-6 feet per second. 

Q=2*6 X47'i2 X 4=490 cubic feet per minute. 

Example 2. What will be the velocity in feet per 
second and discharge in cubic feet per minute of a V- flume 
of unplaned timber, sides sloping 60° and bottom board 10'' 
wide in the clear, the slope being i in 50 and the depth of 
iKater 9 inches ? 
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The whole calculation can be done in a few minutes by 
the sUde-rule and diagram. The angle of slope of sides gives 
the horizontal spread from the line of tangents=5'2 2 inches, 
from which we find area=7o8 square feet and wet perimeter 

2*'; feet; R=-?^--=*28'? feet ; n from Table XIX. = *oi2 : 

S = '02. C is found from Fig. 26=98; RS = -283X*o2 
= •00566; n/RS=*o75 ; and V=98x •075 = 7*35 feet per 
second; Q=*7o8 + 7*35 x 60=313 cubic feet per minute. 

The following comparison of the flow of circular sewers 
running full, calculated from Beardmore's and Kutter's 
formulae, has been made with assistance as regards the former 
from the well-executed diagrams of Mr. W. T. Olive 
Resident Engineer on the Manchester Main Drainage, 
published by the Inst. C. E. in their minutes of 
Proceedings, vol. xciii. 

It will be seen that the older formula produces results 
nearly midway between those by Kutter's rule with the 
coefficient '015 and 'oi for roughness, but that in the larger 
culverts the discharges by Kutter's formula gradually gain 
upon those of Beardmore, until they are considerably ahead 
even with the coefficient '015 for roughness. 



Tahi-E XX. -Comparison of Bcardtnorc^s and Kutter^s fonnuhc. 
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Discharge from Tanks, Pipes, Cisterns, and Weirs. 

The diagrams, Plate II., of theoretical velocity due to 
different heads will need no explanation. 

They are furnished for use when no slide-rule is at hand ; 
otherwise it is quicker to work out the velocity by the slide - 
rule than to scale it on the diagram, and the velocities for 
fractional values are given with the same rapidity as those 
of integral values, more accurately than can be scaled from 
a diagram, and without the interpolation needed with a 
table. 

Example, What is the theoretical velocity due to a head 
of 15*65 feet? Place the right hand i of the slide under 
the upper 15 feet of rule and read the velocity 31*8 feet per 
second on the lower scale of the rule opposite to 8*03 on 
the lower scale of the slide. 

Example 2. What is the theoretical head due to a 
velocity of 135 feet per second? Place the 8-03 on the 
lower scale of the slide over the 135 of the rule and read the 
head 282*5 feet on the upper scale of the rule opposite to 
the right-hand i of the slide. ^ 

Rule I. For tanks and cisterns flowing into the open air 
Let V = the theoretical velocity in feet per second due to 
head, given on Fig. 28. 

A = area of aperture in square feet. 

D= diameter of circular aperture in square feet. 

C=coefficient of friction due to nozzle or opening 
given by table. 

VV=actual velocity of discharge in feet per second. 

Q= discharge in cubic feet per minute. 

Then VV=:VxC 

and Q=VV x 60A or VV x 47*1202 

* If the velocity is wanted in miles per hour instead of in feet per 
second, use the number 5*475 instead of 8*03. For heads from i to 10 
feet use the left-hand half of the rule, and from 10 to 100 the right- 
hand half. 
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Values of C for 
different orifices 

Circular or rectilinear openings in thin iron plate in 

bottom or sides of either vertical or inclined tanks = . '62 

Short tube projecting outwards, bore \ the length . . 'So 

Ditto bore ^V o^ *^^ l^^gth 70 

Short tube projecting inwards '68 

Converging tube, outside of tank ; angle 1 3^° ; velocity 

at narrow end '94 

Diverging ditto, outside of tank ; angle 5*^ ; velocity 

at narrow end . . "92 

Example, What are the velocity and discharge in feet 
per second and cubic feet per minute respectively in the 
following case ? 

A tank is maintained by a ball cock with a depth of 

water of 7^ feet. A short cylindrical tube projects from the 

bottom of 2\ inches inside diameter and 2 feet i inch long. 

The velocity due to 7*5 feet head is found by Fig. 28 to 

be 2 2 feet per second. C is an intermediate between '80 

bore 
and "70, ^ of orifice being equal to -^. Interpolating 

length 
with the slide-rule we find C=7i and VV=22 x •7i = i5*6 
feet per second. The diameter 2\ inches='2o8 feet and 
discharge Q=VVx 47-12 D^ or=i5 •6x47-12 x*2o82. 
Ans. VV=i5'6 feet per second. 
Q=3i'8 cubic feet per minute. 

Rule 2. For iron pipes under pressure approx. mean vel. 
in feet per second= 

coeff. m (Fig. 30) X ^total length in-ft;+l4|ii^in ft. 

V diam. m ft. x total head m ft. 

This approximate rule of the late Mr. Trautwine takes into 
account velocity head, entry head, and friction head. It 
was not used by him for very long pipes with low heads. 
Tlie limit given by him was i,ooo diameters, beyond which 
he neglects entry head and treats the flow by the formula 
^or an open channel. It is not applicable to very high 
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pressures either, but is suitable to ordinary reservoirs having 
straight iron pipe conduits. 

The diagram Fig. 30 gives values of coefficient m for various 
diameters of pipes in feet. The horizontal scale gives values 

of the A / ^ ^"^ for which the ordinates are values of m, 

^ L + 54D 
D being diameter in feet, H= total head in feet, L= length 
in feet. The value for '200 serves for all ratios above it. 
Intermediate values are to be taken by interpolation. The 
results are always in excess of those where there is no entry 
head and all the fall is in the pipe itself 

Rule 3. Discharge over weirs (Eytelwein). 

Q= discharge in cubic feet per minute. 

L= length of overfall in feet. 

H=head in feet. 

Q=204 L Vfp 

Remark, The head is measured by ascertaining the 
difference of level between the crest of the weir and the 
surface of the water before it commences its chute-curve. 

The formula is for discharge over a thin plate or a weir 
with a sharp edge. A slight current towards the weir makes 
hardly any difference in the result. 

Example. Required the discharge over a weir in thin 
plate length 200 feet. H=i -5 feet. 

Q=204 X 2oo>/i'^= 74,954 cubic feet per minute. 

Ruh' 4. (Approximate — John C. Trau twine) see Dia- 
gram, Fig. 31, for C. 
Q=CxLxVxH. 

Where Q= discharge in cubic feet per minute. 
C= coefficient per diagram. 
L= length of weir in feet. 
V= theoretical velocity due to H in feet per 

second from Fig. 28. 
H=head in feet measured as in preceding rule. 
This formula gives results somewhat less than the pre- 
ceding one for sharp-edged weirs, and is therefore on the 
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safe side ; it also meets all the ordinary cases by means of 
the coefficient C with quite a sufficient degree of accuracy for 
preliminary work. 

Example, What would be the discharge over the same 
weir described in the preceding example only with a crest 
3 feet thick, smooth and level ? 

Q=i8'4 X200X9-8X I '5=54,096 cubic feet per minute. 

Over a sharp-edged weir it would be 67,000 instead of 
the 74,954 of Eytelwein's formula, but with a crest 2' thick 
it would be 80,000 by Trautwine. 

In the case of reservoirs, it is generally easier to deter- 
mine the discharge over the weir by that of the supply con- 
duit by Kutter's formula. 

Horse- Power of Fallinc, Water 

HP=62;5_QH^.^^^g 
33000 
Where Q=discharge in cubic feet per minute, and H= 
height of fall or head over a turbine or other motor. 

Example, Over a fall 16 feet in vertical height, 800 cubic 
feet of water are discharged per minute. 

XTT, 800X16X62*5 TTT> 

HP= *'=24'24 HP 

33000 

Efficiency of Water-Wheels 

For undershot wheels x result found as above by 25 to "^2* 
., breast wheels ,, „ .^ by 5. 

,, overshot ,, „ ,. by 5 to 75. 

„ turbines „ „ ., by 75 to •<S5. 

HORSE-PoWER OF A RUNNING STREAM 

HP=Q^iLx_6?:5=.ooi894 QH. 
33000 

Where Q=discharge in cubic feet per minute actually 

impinging upon the float or bucket; H= theoretic head, dw^ 

to yeiocity of stream found by Fig. 28, 
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I'hus, if the floats of an undershot wheel, driven by 
current alone, be 5 feet x i foot, and the velocity of stream 
= 210 feet per minute, or 3^ feet per second, of which the 
theoretical head is -19 feet. Q=5 square feet x 210=1,050 
cubic feet per minute ; H='i9 ; 
and HP = .^^50 X •19x62-5^ 3 

33000 

The wheels only realise about '4 of this power, from 
friction and slip. 

The last three rules are from Trautwine's * Pocket Book.' 

Hydrostatics 

Water pressure is always normal to the surface pressed, 
i,e, in flat surfaces perpendicular to them, and in curved 
surfaces in line with the radius vector, or, which is the same 
thing, perpendicular to the tangent at that point. 

Whatever the inclination of the surface or the extent of 
its immersion or distance of its submersion, the following 
rule holds good. 

Rule I. Pressure in pounds=62-5 AD. 
Where 6 2 '5= the assumed weight of a cubic foot of water. 
A = area of surface pressed in square feet. 
1 )=depth of centre of gravity of surface pressed 
below the surface of the water. 
Rule 2 For pressure in pounds per square inch, multiply 
the depth in feet by -434. 

Rule 3. For tons per square foot, multiply the depth in 
feet by '0279. 

Rule 4. Total pressure from surface in tons on a section 
I foot wide=D2 x '0139. 

For the depth in feet, at which any given pressure exists : 
Divide pounds per square inch by -434. 
„ pounds per square foot by 62*5. 
„ tons per square foot by '0279. 
Plate IV., Fig, 32, gives the noxmaX ^ie,^^M\^ -^^x '3s>^o-'«^* 
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1 foot of any immersed surface due to any given depth 
i of its centre of gravity below the surface of the water 
: thus : 



— f U ' 4- 






Fig. 33. 



It also gives the total pressure upon a plane standing 
upright in the water, such as a sluice-gate, the plane being 
one foot wide, thus : 




DEPTH 

« 



/ 



Fig. 34. 

I 
I 

In order to combine two diagrams in one, the left-hand 
vertical scale gives normal pressure per square foot in 
divisions of 100 pounds each, and measures the ordinates to 
the straight line. The right-hand vertical scale gives tons 
' total pressure with each subdivisions -i ton, and measures 
the ordinates to the curved line. 

Example i. What is the pressure per square inch on a 
water-main where the head is 300 feet? Ans. 300 x '434= 
130 pounds per square inch. 

Example 2. What is the total pressure on a lock-gate 
20 feet wide, with a head of 8 feet ? Ans. 20 x 8 x 8 x 01395 
==17-85 tons, or by Plate IV.=2o x '9=18 tons. 

To. divide a vertical surface under hydrostatic pi^s?.\3iie. 
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such as a sluice gate, into sections of equal pressure by 
horizontal lines. 

Let N= number of sections, then there will be N-i 
lines, the distance o{ which from the top will be Dj, Dg, Dg, 
Dj-.i- Let H= height of water producing the pressure. 
Then 

I^x-i=^VN(N-i). 

Example. Let H=2o feet and N=4. 
D, = 5V4 ; D2=5V8 ; D3=5V 12. 
= To : =14-1 ; =17-3. 

Cost of Dredging 

Price of labour 4f. per day, no allowance for interest or 
depreciation of plant. 

In from 5 to 10 feet of water, 3^. to (id, per cubic yard. 

In from 10 to 20 feet of water, bd, to 9^. per cubic yard. 

These prices include the removal of the material \ to .7 
a mile. 

Dredging Plant 

The dredging plant used at Leith Docks which remove 
about 110,000 tons of silt every year cost 13,000/. 

The dredging plant used at St. Nazaire, Loire, France, to 
remove 400,000 cubic yards of silt per annum cost 29,800/. 

The dredging of soft material in small quantity can be 
done with a bag-spoon (Fig. 35). This is simply a bag, b, 
of canvas or leather with an iron ring at its mouth. It has 
a fixed handle, h^ by which it is thrust down into the mud ; 
another man draws it along by therope g, and a third hauls 
it up when full by the rope e (Trautwine). 
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Fig. 35. 



Borings 



in common soils or clay may be made 100 feet deep in a 
day or two by a common wood-auger i^ inches in diameter 
turned by two to four men with 3-feet levers. This will 
bring up samples (Trautwine). Weale's series, * Well Sink- 
ing and Boring,' contains a detailed description of boring 
tackle. 

Concrete 

At Aberdeen harbour 16,000 cubic yards of concrete 
were deposited in jute bags at a cost, including plant, super- 
intendence, and maintenance, of i/. 95. \od. per cubic yard. 

1 3,000 cubic yards of concrete were deposited in mass at 
a cost of i/. 9^. dd, per cubic yard. The concrete consisted 
of I part of Portland cement, 3 of sand, and 4 of shingle. 

At Port Said breakwater, concrete in blocks weighing 
about 20 tons was deposited, forming two breakwaters, one 
9,800 feet long, the other 6,233 f^^t long, at a cost of i/. 5^. \d. 
per cubic yard. The concrete was composed of 3^ of sand 
and gravel to i of shell lime, made in boxes and left two 
months to set before being used. 



Dock Walls 

The cost of the Hull dock-wall, 43 feet deep to bottom 
of foundations, cost 1 9/. 91. per lineal foot ; the South W est 
India docks, 41 feet deep, 12/. 10s. ; the Penaith ¥.\\.eY\^\oTv^ 
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52 feet deep without excavation, 26/. \s. ; the cost of the 
Dublin quay- wall, 47 feet deep, 40/. per lineal foot 

The cost of the ^Vest India Dock wall per cubic }'ard 
was 1 2s. 6^., of the Penarth Extension wall 1 7J., of the 
Portsmouth wall i/. 2j., of the Chatham wall 7J. 10^. 



Cost of Docks per Acre 

I'he Antwerp docks, of about 50 acres, having about 
3.700 lineal yards of quay and a basin lock with entrances 
59 feet wide, depth of sills at entrance 23 feet, cost about 
4,800/. per acre of water area. 

The Joliette basin at Marseilles, of 54 acres contained by 
2,300 lineal yards of quay, cost 640,000/. or nearly 12,000/. 
per acre of water area. 

At Leith, the old docks cost 28,500/. per acre, the 
Victoria Dock 27,000/., the Albert dock 20,400/., and the 
Edinburgh dock 24,000/. per acre. 

The Chicago breakwaters of cribwork filled with rubble, 
30 feet wide and 30 feet deep to bottom of foundations, cost 
22/. i8x. y)er lineal foot. 

The New York quay walls of pilework hearting filled 
with rubble, cut stone face-wall protected at toe by riprap 
and riprap backing, 43 feet deep to bottom of excavation, 
cost 49/. i6x. per lineal foot. 

The New York jetties or landing stages for ocean-going 
steamers of timber un-creosoted cost about 5^. 6//. per square 
foot of area. 

Graving Docks 

Twenty-live of the Liverpool Graving Docks, having an 
aggregate length of 12,490 feet, cost 940,000/.= about 75/. 
per lineal foot of floor length. 

(iraving docks have been built for vessels of 2,000 tons 
for under 20,000/. 
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The Somerset Dock at Malta, 468 feet long, cost 
r5o,ooo/.,=about 320/. per foot" of floor length. 

At per cubic yard of capacity they vary from i/. to 4/., 
!ie most recent docks at Portsmouth averaging about 2/. 

The sluicing basin at Honfleur, having an area of 143 
:res, cost 200,000/. 

Warehouses of brick with iron columns and fireproof 
yoTS cost from 4^/. to %d, per cubic foot of total capacity. 
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CHAPTER IV 

GEODETIC ASTRONOMY 

The title of this chapter might convey the idea of a much 
more comprehensive treatment of the subject than would 
be possible or desirable in a book of the kind. The rough 
astronomical calculations which lie within the average 
surveyor's attainable knowledge or within the power of his 
instruments can hardly be justly termed astronomy ; never- 
theless in its most elementary form the subject matter of this 
chapter will be what it is stated, and an attempt has been 
made in the glossary and also in this chapter to describe the 
principles in a manner which will be intelligible to anyone 
possessing but very little previous knowledge of the subject. 

Surveyors who desire to pursue the study of astronomy 
further will find all they seek in Chauvenet's * Spherical and 
Practical Astronomy,' clearly and simply explained. 

If a work of a more elementary, and less expensive cha- 
racter is desired, the volume on * Practical Mathematics ' in 
Chambers's Educational Course, will be found both useful 
and handy. 

Some of the most commonly used formulae of plane and 
spherical trigonometry are given in the appendix to the pre- 
sent volume, but the demonstration of them is necessarily 
omitted; they will nearly all be found, however, in Chambers's 
* Mathematics.' 

Geodetic astronomy differs but little from nautical astro- 
nomy. It is the science of determining by observation and 
calculation of celestial phenomena the position and course 
on land. It differs from nautical astronomy only in affording 
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the facilities of * terra firma ' for some operations which are 
not practicable at sea, and in being generally debarred from 
the use of those which depend upon the sight of the natural 
horizon. 

In a treatise on Preliminary Survey the science of geodesy 
cannot with propriety be treated fully, neither can the 
analysis of the problems of plane and spherical trigonometry 
involved therein be closely pursued ; but the object of this 
chapter will be to explain general principles sufficiently to 
make the formulae intelligible, and to furnish examples of 
every problem likely to be useful to the pioneer. A great 
deal of explanation has been placed in the glossary, which 
has been arranged alphabetically to be easily referred to, and 
should be studied before commencing this chapter. 

The position of any point on the earth's surface is deter- 
mined astronomically by finding its relation to the pole and 
to some arbitrarily chosen meridian, and these two relations 
are termed latitude and longitude. 

Latitude 

Let us first take the latitude. Everyone has learnt how 
to find the pole star by the * pointers ' ; they perhaps also 
know that the altitude of the pole star represents roughly 
the latitude of the place. We can find our place on a map 
by measuring the distances of latitude and longitude on the 
circles described upon it for that purpose, but the only fidu- 
cial point given us by nature as a starting-point from which 
to map the world is the north pole. The map of the earth 
is made from the map of the heavens, but the map of the 
heavens is first made from the axis of the earth's rotation. 

It is the discovery of a stationary point in the heavens 

called the celestial pole which determines the position of the 

terrestrial pole and terrestrial equator ; and conversely the 

position of the observer relatively to the celestial pole detcr- 

.1 mines the position relatively to the terrestrial equator. 
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A moment's thought will serve to grasp this. If I were 
standing at the north pole, the celestial pole would be over- 
head, because I should be standing in the axis of the earth's 
rotation. If I were at the equator, it would appear on the 
horizon ; consequently if I measured the altitude of the 
pole star it would be in the first case 90°, in the second case 
0° (see Altitude, Glossary). And these are the respective 
latitudes, measured from the terrestrial equator. It is evi- 
dent, then, that an altitude of a celestial body taken when 
passing the meridian will, if we know its distance from the 
pole, enable us to determine the latitude by a simple sub- 
traction sum. 

And now, leaving for the present the subject of latitude, 
let us touch upon the principles on which the calculations 
of terrestrial longitude are based. 

Longitude * 

Unlike latitude, which as we have seen can be deter- 
mined independently of almanacs or chronometers, longi- 
tude depends upon an arbitrary fiducial point. Both in the 
heavens and earth there is nothing fixed by which to deter- 
mine the easterly or westerly positions without either a time- 
table or a watch or both. 

The earth performs a rotation in twenty-four hours of 
sidereal time (see * Sidereal Time,' Glossary). A star 
which crossed the meridian of Greenwich to-day at mid- 
night will cross the i8oth meridian, that is over the Fiji 
Islands, at twelve sidereal hours later, and will recross 
Greenwich meridian twelve hours later still. Any celestial 
phenomenon happening, independently of our meridian^ 
to the star, such as an occupation of it by the moon, would, 
although in itself an instantaneous phenomenon, be seen at 
different local times in different places, and the difference of 
local time corresponds exactly with that arc of the earth's^ 
rotation which would bring successively the two points of 

' See Glossary. 
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bservatioii under the same celestial meridian ; in other 
rords, is equal to the difference of terrestrial longitude. 

Phenomena such as those just described are very useful 
in their place, but the chief basis of calculation is the sun, 
;*hose transit across the meridian can be observed with the 
Utmost exactness, and having by chronometer the time when 
j-te CTossed the meridian at some known place, we can at 
'l once, without any mathematics, determine the difference of 
I longitude by observing his transit and reducing the differ- 
I' ence of time to difference of arc. We use the meridian of 
1 Greenwich as our fiducial point, and perhaps the time is 
not far distant when all the nations will agree upon one 
[ common meridian. 

Reserving further explanation of the methods available 
lo ihe surveyor for ascertaining his longitude, we will add to 
tbese prefatory remarks an attempt to explain the curious 
feet which travellers puzzle over when they first cross the 
Pacific Ocean ; viz., that of 'losing' a day in going one way 
I wd gaining it when going the other way. 
! As the sun appears to go round from east to west, a 
place east of Greenwich, say Paris, will have sunrise a little 
'wfore Greenwich, or west, as Dublin, a httle afterwards. In 
other words Paris time is ahead of, and Dublin time behind, 
Greenwich. If we could travel round the world across 
America as quick as lightning, and left Greenwich at mid- 
"''yof January i, 1890, when passing New York we should 
find the early risers at breakfast on New Year's morning. 
^' iian Francisco and Honolulu they would still be all in 
wd, and at Fiji if we kept to the same calendar we should 
niiithem at midnight of December 31. Fiji is just half 
"^y round, being on the 180th meridian. Instead of its 
^ing midnight of New Year's eve, however, it would be 
''yltd in that place midnight of January t, and the reason 
'"^ this we will explain by supposing that instead of going 
^ ™ America, we had gone via Calcutta in out U^l\ta\i\?, 
■; ^f- Leaving Greenwich at the same time, \vt. vi\\i&iq 
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of Januar)- i, passing Calcutta we should find them 
already at their New Year's evening dinner. At Melbourne 
they would be just going to bed, and at Fiji it would be ■ 
midnight of Januar>- i. It will be seen therefore that the 
Fijians might keep their time twelve hours back or twelve j 
hours ahead, according as they chose to consider them- 
selves in the Western or Eastern Hemisphere. Conse- 
quently tiicy have the option of one day's date. The writer 
has been informed by a missionary that the keeping of two 
Sundays running has been of frequent occurrence in the 
palmy days of evangelisation upon that group, but they have 
finally elected to consider themselves in the Eastern Hemi- 
sphere in order to be in the same calendar as Australasia. 

Now to take the passage of a vessel circumnavigating 
from Greenwich eastwards ; she would keep putting on her 
time every day at noon until her time was twelve hours 
ahead of Greenwich at Fiji, and correct with local time and 
(late there. A vessel circumnavigating westwards from 
Greenwich would have been putting back her time all the 
while, until at Fiji she was twelve hours behind Greenwich, 
and consequently correct with local time there, but one day 
behind in date. 

If they both happened to arrive at Fiji at midnight of 
January i, 1890, the eastward navigator would be correct 
to time and date, but the westward navigator's date would 
be midnight of December 31, consequently when he passes 
over into the P2astern Hemisphere he will have to skip a day 
and call it January i. The eastward navigator passing 
into the Western Hemisphere will have to put back a day 
and call it December 31. 

Classification of Methods 

There arc three different circumstances in which a surveyor 
is ordinarily placed as regards his astronomical work, modi' 
fying the methods which he can use and the degrees o» 
accuracy vih'wh. he can obtain. 
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1. When starting from the coast and proceeding with a 
TefuUy measured telemetric survey inwards. 

2. When starting from the coast and making a route- 
irvey inwards. 

3. When carrying on an inland survey and having to 
ocate his starting-point. 

The most disadvantageous circumstances, short of having 
no instruments to all, in which a surveyor can be placed are 
tobe— 

1. Far inland and out of telegraphic communication. 

2. Possessed of a poor watch. 

3. Unable to revisit his points of observation. 

4. Compelled to move forward rapidly in an easterly or 
westerly direction. 

As will be explained presently, the surveyor is very 
dependent upon Greenwich time for his longitude. This 
's preserved upon important geodetic work with the utmost 
p^re. A number of chronometers in padded cases, swing- 
'^g on patent joints, wound every day at the same time 
•^y the same individual with the same number of turns, 
^^d constantly compared with one another, enable the 
observer to obtain his longitude with the same accuracy as 
■^^s latitude. Very different is the case with the preliminary 
surveyor. He is rarely able to transport more than one 
chronometer, he often does not possess even a semi-chrono- 
'^eter watch, and so when out of range of the telegraph has 
^0 resort to what are termed * absolute methods' of deter- 
'^^ning his longitude. Apart from the great inconvenience of 
^^sporting high-class chronometers whilst on rapid tran- 
^^t, their very delicacy renders them less useful under 
fough usage than semi-chronometer watches^ two or more 
0^ which in a surveying party are the best instruments 
available. * Absolute methods ' of finding the longitude are 
^ither performed with the sextant by Munar distance' or 
^y ' lunar altitudes ; ' with the transit as in the method 
termed ^moon-culminating stars'; or with the teXe^eo^e. 
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alone as by eclipses of Jupiter's satellites or the occultation 
of a fixed star by the moon. Sextant observations will 
only be explained briefly, in principle ; the surveyor rarely 
possesses anything of that description larger than a pocket 
sextant, which is of no use for such purposes. 

In the first case, when starting from the coast on a 
telemetric survey, the daily traverse is reduced to latitude 
and departure by slide-rule or by a table, such as that in 
Chambers's mathematical tables. A very close check is thus 
kept on the astronomical work, and the longitude and 
latitude by account is used like the dead reckoning at sea 
for determining the argument of the daily observation. The 
daily observations should be if possible four. 

One for time to correct the watch's rate. 

One for longitude by watch. 

One for latitude by fixed star. 

One for azimuth by sun or star. 

If any celestial phenomena are available for * absolute 
longitude' they should not be missed. 

If only one observation can be taken it should be that 
for azimuth, and it can be made en route from the sun 
without interrupting the work for more than five or ten 
minutes. No continuous telemetric traverse should be 
carried forward into an unknown country without a daily 
check upon the direction. A slip of one degree which may 
be set down to change of magnetic deviation may produce 
an error of a thousand feet in a single day's work. 

In the second case, when starting on a route survey 
from a known point, the observations should be the same 
but more strictly kept up every day, because the survey 
covers so much more ground, and the check by latitude 
and departure is much rougher ; otherwise the principle is 
the same. 

In the third case, when the location of the starting-point 
has to he determined independently, the surveyor must 
take time to get reliable data to begin with ; he should stay 



tvi-o or tbree days in the same place to take and reduce a 
series of observations. The first thing is to determine the 
meridian, which is best done by equal altitudes of a fixed 
siar. From this, local mean time is obtained by observing 
the transit of a known star. latitude is then had from the 
pole star or a circumpolar star suchasoneinthedreat Bear 
or Cassiopea. Longitude is determined by the successive 
transits of the moon and a fixed star close together, or else 
] by an eclipse of Jupiter's satelhtes or the occuUation of a 
; starbythe moon. This is supposing he has not got Green- 
wch time by chronometer to start with. 

Three days of favourable weather and careful work will 
give ilie surveyor who has nothing more than a six-inch 
iransit to work with, a very fair approximation to his true 
geographical position. 

The starting-point, once fixed, should remain as the 
liasis of the whole survey. It is probable that errors will be 
found later on by bringing greater precision to bear upon it, 
™t in order to preserve symmetry in the work the starting- 
point should be assumed as correct for graduating the sheets, 
w that any error found afterwards will be a constant through- 
""' the work. The local mean time and Greenwich date 
^f starting-point once determined, can be recovered at any 
lime by returning to the spot and observing a star's transit. " 
The constant check upon the watch by means of 
sidereal time cannot be too strongly recommended. No 
'"^thematics are needed, and no time wasted in waiting, 
"J" 'tthe poorest time-keeper can be made valuable, and the 
*st chronometers are none the worse for being checked by it. 

'Observations for determining the True MERiDi.4N. 

first and foremost amongst the uses of the stars to the 

surveyor is the determination of the true north and south 

'^^ or meridian of the place. He needs it for running his 
sUi-veyij^g true, and he needs it above all ihin^^ fe h\'i 
^'^er astronomical calculation^. 
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There are still old-fashioned people who think the 
magnetic compass is quite near enough for a railway, and 
star-gazing a superfluous luxury ; they are generally of the ^ 
same sort who think the chain is the only practical way oi 
surveying, and a transit instrument only a means of saving 
lazy engineers their due amount of manual labour. We will 
not enter into controversy with them for fear of being hit 
too hard, but proceed to touch upon the various ways of 
determining the meridian. 

A rough and ready method has been explained in the 
chapter on route-surveying at p. 40. 

The solar compass as described on p. 328 gives the tnie 
bearing of any points observed, and the true north and 
south line. 

Some surveyors have found very good results attainable 
with simple sun-shadows reduced to true north and south 
line by Davis's tables from the time of day recorded opposite 
to each shadow. 

All such operations, though useful in their place, are 
very approximate. 

A watch keeping apparent time, and held so that ttis 
hour hand points towards the sun, will roughly give tl^^ 
meridian, midway between the sun and the xii of tl^^ 
watch. 

Meridian nv equal Altitudes of a Star 

The simplest of the really accurate methods is by obs^''' 
vation of a fixed star at the same altitude, east and west ^' 
the meridian. The movement being perfectly uniforn^' 
the successive bearings are taken from any clearly defin^ 
terrestrial point, and the mean bearing corresponds exac^^^ 
with the meridian. , 

A good plan is to adjust the transit for coUimation ^ ^ 
bubble in daylight upon a good solid position, then to **- 
just the horizontal limb so that the vernier and comp^ ^ 
needle both stand at zero. TY\eiv, c\a.xtt^vc\% \!5\^ ^-^ter^^*" 
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axis and releasing the parallel plates, take the exact bearing 
on the same vernier of some well-defined terrestrial point at 
a considerable distance, which will be its magnetic bearing. 
On no account use the^compass of the instrument for this 
bearing. 

Cover over the instrument until the star^ begin to appear. 
Choose a bright star as early as possible and about 30° to 
45® from the meridian either north or south and about 20° 
to 40° above the horizon. 

If it is a circumpolar star taken to the north, be careful 
to note from its position relatively to the pole whether it is 
on its way to upper or lower culmination. 

If on its upper path, the first altitude must be observed 
to the east like the southern stars, but if on its lower path 
it must first be observed to the 
westward as shown on Fig. 36. vj^m 

This method requires no 
mathematics whatever. Book 
the altitude of the star from the 
vertical limb in its first position, 
and opposite to it the magnetic 
bearing from the horizontal limb ; 
not from the compass. Unclamp 
the vertical arc and bring the 
telescope bubble to the centre of 
its run, and book any index error which may have crept in 
since the first adjustment. Set the vertical arc back to the 
altitude of the star, unclamp the horizontal limb and direct 
the telescope to the approximate second position of the star, 
that is to say, about the same angle from the meridian, only 
on the opposite side. The variation of the compass is 
known roughly all over the world from a map of equal 
variations such as that in * Hints to Travellers ' referred 
to on p. 369, so that the telescope can be placed within 
a degree or so of its proper place. When the star begins 
to get near the field, test the vertical arc with the bubble 
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as before, and if any index error be found, correct it, and 
clamp the vertical arc again at the same altitude as the first 
position and free from index error. 

Release the horizontal limb, but on no account touch the 
vertical limb. Bring the telescope right under or over the 
star, and when it enters the field clamp the horizontal limb 
with the star on the central vertical hair, and keep it in that 
position with the tangent screw of the horizontal limb until 
it reaches the horizontal axial hair. 

Book the second bearing from the vernier of the hori- 
zontal limb, and the mean of the two bearings is the mag- 
netic bearing of the meridian. 

If the observation has been taken to the north, and the 
hearing of the meridian is greater than zero, or if taken to 
the south and it is greater than 180°, the variation of the 
compass is west ; and if less than 360° or 180°, as the case 
may be, the variation is east. 

Example, Observed Spica at same altitude to the so^^"* 

Mag. l>earing in first position . . 155° 08' 40" 

second ,, . . . 239° 39' 40' 



n >> 



2)394° 48' 20 

Mag. bearing of meridian 197° 24' 10" 

180° o' o" 



Variation of compass W. . 17° 24' 10" 

The directrix chosen was a lightning conductor 

large building about 500 feet away, whose magnetic be 

was o , „ 

233 52 o" 

Applying the variation found . . 17° 24' 10' 

True bearing of directrix ^ . . 216° 27' 50" 

Thus when we wish to place the transit in the 
meridian we place it in adjustment for collimation 
bubble, and clamp the horizontal limb at 216° 27' 50''. "^ 
thtn release the external axis and sid^ust the intersectior^ 
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the cross hairs to the directrix and clamp the external axis. 
We then release the parallel plate and set the vernier at 0° 
or 180**, when the telescope will be in the true meridian of 
the place. 

The disadvantage of this method is that it has to be 
done at night time. In high latitudes there is twilight all 
through the night during summer, and the stars are hard to 
see. It takes a long while also, although plotting and other 
kinds of work may be done during the interval between the 
two stellar positions. 

Meridian by Circumpolar Stars 

Another method, which may be applied to rough approxi- 
mations with a plummet string, but which is a very accurate 
and convenient observation when performed with a transit, 
is by watching for two circumpolar stars in the same vertical. 
It requires the knowledge of the latitude, which can be 




Fig. 37. 

a is Dubh^ j /3 is Merak ; y is Phad ; S is Men^z Al Dub ; 
c is Alioth ; ^ is Mizar al Inak ; 17 is Al Kaid. 

obtained at the same time from Polaris with the transit (see 
p. 153), or from two pairs of stars graphically with a plummet 
as described on p. 154. 

If the azimuth is taken with a plummet-string, the 
point of observation is first fixed by a peg with a nail in it, 
over which the observer stands with his plummet pointing 
to the nail. An assistant has another stake in hand con- 
sisting of a piece of 9" x i' board pointed at the end. When 
the stars are very nearly in the same vertical the wide stake 
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is driven, and at the precise moment the assistant puts in a 
nail to the directions of the observer ; a bullseye lantern is 
needed to guide the alignment of the nail. The angle of 
the line connecting the two nails may then' be determined 
by a very simple logarithmic sum, as will be presendy 
described for the accurate method when taken with the 
transit. 

Adjust the transit as already described (p. 1 25) with the 
magnetic north as a starting-point, and when the two stars 
are in the same vertical book their magnetic bearing. This 
is all that has to be done with the instrument. 

The azimuth of the stars or angle from the pole is then 
determined in the following manner for two stars in Ursa 
Major. 

In Fig. 37 Z represents the zenith, P the pole, HZPR 
the meridian of the place, and BC the stars ; ZBCD is the 
great circle passing through the zenith and the stars when 
the latter are in the same vertical. ZP = 90°— PR, U- 
the co-latitude ; hence sin ZP = cos lat. Angle Z in triangle 
PZC is the azimuth ; PBC is a spherical triangle which 
alters its form very slowly because the fixed stars BC only | 
move a few seconds a year. In the spherical triangle ZPC 
we have ' Sin Z (azimuth) : sin /^ : : sin C : sin ZP ; or in othei^ 
• words sin azim x cos lat = sin b x sin C. This product 
sin ^ X sin C is a constant for the whole year within *»• 
few seconds of arc. Any two stars can be chosen in th^ 
Great Bear, Cassiopea, Draco, or other suitable constella- 
tion, and the angle C worked out by the equation given in- 
the Appendix. 

The constants for the two well-known stars /3 and t 
Ursae Majoris are given for years 1890 to 1900 at p. 378 
of Appendix. This familiar constellation is shown on Fig. 
37, B as /3 or Merak. It is the farther one of the two 
* pointers,' and Alioth is the third star from it in the train. 

Alioth is useful for knowing the position of the pole 
' See Appendix. ?oimu\ai 1^ '^wcv* 



Wiee ' Alioth/ Glossary. The reader should also study 
Fi3Z on p. 395, showing the relative position of all the 
int circumpolar stars. 

am/ie. In latitude gi" i6' 45" observed /J and 1 
e Majoris in the same vertical and west of the meridian, 
aagnetic bearing being 318° 27'. 



360- 

58- S7' 

True bearing 301° 03' 

Magnetic 318° 27' 

Variation tFf compass .17" 24' W. 

The meridian is found from a previously observed terreS' 
trial object as already described, p. 126. 

The constants for two other stars, not so well known but 
easily identified from the sidereal chart on p. 393 are given also 
for years 1890 to 1900 on p. 378 of Appendix. As there is 
a considerable time interval between their right ascension 
Md that of the Great Bear, they will serve when the other 
is not obtainable. 



Meridian bv Time Interval of Circumpolar Stars 



A vecy delicate adjustment of the instrument in the 
meridian, particularly suitable for a test when it has been 
ptEviously adjusted as close as possible by the foregoing, is 
'0 waich the culmination of two circumpolar stars differing 
nearly twelve hours in right ascension, such as /j Cassiopese 
■" R- A. 3 min. 2J'77 sec., and y Ursae Majoris in R. A, 
" hours 48 min. 03-84 sec. 



130 



Preliminary Survey 



1 



If the instrument is set to the true meridian and moving j 
in a true vertical plane, these stars will transit at a sidereal 
interval of 15m. 15 •93s. sidereal or 15m. 15 •68s. mean time^ 

but if the line of sight be to one side, 
as shown by the dotted line, the in- 
terval will be less or more. In the 
case shown the error would cause 
the culmination to be nearly simul- 
taneous. In the tacheometer de- 
scribed on p. 307, the micrometer , 
enables the rate of travel in azimuth 
to be accurately measured, and by 
a simple proportion the error '^ 
eliminated. 




Meridian by Pole Star 

Another and extremely useful method is by an observa- 
tion of the pole star at elongation. This luminary per- 
forms an apparent orbit of an extremely small radius round 
the pole, but having twenty-four hours to do it in like the 
rest of the stars. He appears to move straight up and down 
for a considerable time when at elongation, and. to move 
horizontally when at his upper and lower culmination. 
He is consequently very suitable for observation at elonga- 
tion for azimuth, and at culmination for latitude. There is 
a table given in the N. Aim. for finding the latitude by an 
observed altitude of Polaris, out of the meridian. It requires 
the local mean time to be known at least with some approach 
to accuracy ; the maximum error produced by an error of 
a minute of time is about half a minute of latitude. By 
using this method the latitude and meridian can be deter- 
mined simultaneously without any mathematics. 

The polar distance of the pole star for January i, 1891, 
wiJ] be 1° 16' 23-1" with an atvrvual variation of— 18 '9". Its 



zimuth for any latitude when at elongation is given by 

onnula 59, p. 376. 

., sin polar distance x rad 

sin azimuth :=.^ s~, , — ; — ■ ,— ■ — 

sin CO -latitude 

Example. In latitude 51° 16' 45" N. observed Polaris 
U eastern elongation. Required the azimuth. 

Log sin polar dist ^'l^f'l^ll 

Rad lo^ 

I '8-3467853 

Lc^ sin co-latitude 9796245 6 

1! Leg sin azim 2= 2' 9-31" .... 8-5505397 

To find the mean time at place when the elongations will 
.Itake place is a time problem, which subject we must not 
forestall. To be done exactly, the hour angle corresponding 
to the azimuth should be calculated by formula 70, p. 376 : — 
Sin hour angle=cos azim -^ cos polar dist. 
The polar distance being so small, the hour angle is 
I "ilhin an angular minute or two of the complement of the 
■ siimuth. Thus in the preceding example the hour angle 
tould be 87° 57' 52'9", which only differs by 3-1" from the 
I complement of the azimuth. 

This is a sidereal interval which reduced to mean time 
bynile on p. 41Z gives the mean time from the culmination. 
' The time of culmination is found from Whitaker or N.A. by 
rale on p. 412. 

The time of elongation ranges according to latitude from 
5 hours 49 minutes to 5 hours 54 minutes from the cul- 
mination, which is near enough for ordinary purposes. 

The following short table of logarithmic values of sin 
polar distance of Polaris will reduce the calculation to the 
teding and subtracting the log sin co-latitude. 

Tabie XXi.— iu^ Sine of Polar Distance of Polaris 
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Generally speaking the position of the meridian is only' 
required to the nearest minute of azimuth. This can be 
done in one minute of time by the slide-rule. 

Example as above. By slide-rule with the sine-scale in its 
initial position we find opposite to sin 38® 44' (the co- 
latitude) the value -626. Extend the sine-scale to the right 
until the sine polar distance i^ 16' is under the '626. 
'I'hcn the right hand i of the rule will be found over the 
required angle of 2~ 2'. 

The approximate time of Polaris culmination and other 
stars is given in * Hints to Travellers,' p. 153. 

AH the foregoing noctumal obser\Titions possess the : 
great advantage of regularity of movement in the celestial 
bodies obsened ; it is often necessarj*, however, to obtain the 
true meridian en roufe^ and the writer has found himself 
compelled to take observations for azimuth more than once , 
in the day, in order to produce anything like accuracy. 
The case was one of peculiarly sharp ravines in a densely 
wooded country, so that the bases were necessarily very short 

The sun is the great stand-by for such operations as 
these. There is no mistaking him, and if he were only a 
little more regular in his movements, he would be all that 
could be desired. Nevertheless, with a little calculation, 
the 

Solar Azimuth 

is the handiest and best observation, all things considered, 
that the surveyor has at his command. The instrumental 
work is done in a very few minutes ; the calculation takes 
about half an hour. The formula is applicable also to the 
pole star or any other celestial body. 

On Fig. 127 of Glossary the angle at Z in the triangle 
SPZ is the supplement of the azimuth SZS' taken from 
the south point. 

Having the three sides, we csltv^d^j ^oxmviNa. ^^^^t ^. ^77 of 
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Appendix (expressed logarithmically, and remembering that 

. -^ =cosec) find the angle Z. 

sin ' ^ 

Our data are : Firsts the latitude of the place approxi- 
naately. This is usually computed from the latitude and 
departure of the day's run as a correction to the observed 
ktitude of the day before (see p. 173) ; or if in possession 
of previously made maps of sufficient accuracy we can scale 
^t from them. 

Secondly, the declination, which we have from the 
almanack for Greenwich, and which we reduce to local time 
from the longitude by account. 

Thirdly, the altitude of the sun. The three sides of the 
^nangle SPZ, Fig. 127, are all of them complements of these 
data. 

PZ=co-latitude 
PS = polar distance 
SZ=co-altitude 
whence by No. 75, p. 377 

2 log cos \ Z=log sin S + log sin (S— SP)4-log cosec 
Z-P + log cosec SZ — 2 o 

Example, At Sevenoaks, April 30, 1890, in latitude by 
account 51° 16' 45'' N., observed the altitude of and 
noetic bearing of J© with transit theodolite. Required 
^e true azimuth, astron. bearing from N. point, and varia- 
^on of compass, Greenwich time being known by chrono- 
naeter. 

hrs. min. sec. 

Times by watch / 4 2 20 

t 4 4 45 



Watch slow on Greenwich mean time 



2)8 7 5 

4 3 32-5 
o 2 19 



Greenwich time of observation . • 4 5 5i'5 
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To FIND THE Co-latitude PZ 

Latitude by account . . 51° i6' 45" 

90 



PZ 38*^43' 15' 

To FIND THE CO-DECLINATION OR POLAR DISTANCE 

Decl. at noon by * N. A.* . 14° 50' 42" N. 

Diff. for 4 hours 5 minutes . . + 0° 3' 5*5" 



Decl. at time of observation I4° 53' 47'S" 



90° 



SP 75° 06' 12-5" 

Note, If the declination had been south, SP would 
have been =90° + declination. 

To FIND THE CO-ALTITUDE OR ZENITH DISTANCE 
Altitudes {%%%' 



2)56° 58' 50" 



Refraction (see Glossary) . 
Semidiameter (N. A.) • 
Contraction ,, ... 
Parallax (see Glos.sary and N. A. ) . 


28° 29' 
.-0=* I' 
. + 0° 15' 
.-0° 0' 
. + 0° 0' 


25" 

44" 

55" 
\" 

9" 


True altitude of centre 

Whence SZ= 90°-28° 43' 4/1" = 

and S-^^"^^^"*" ^^-87° 32' 
2 

Log sin S . . . = 

+ logsin(S-SP) . 

-h log cosec ZP . . = 

+ log cosec SZ . . = 


. 28^43' 
61° 16' 16" 

517". 

9*9996021 

9*3334351 
10*2037544 

10*0570480 


44" 



395938396 

20 

2)19-5938396 



Logcos^Z . . = 97969198 =.51° 12' 28" 
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Whence Z . . . = 102** 24' 56" 

i8o« 



Azim. from south poiht . « 77° 35' 04' 

180° 



Astron. bearing from north point — 257® 35' 04" 

The magnetic bearings of the sun's j© at the two altitudes 
rere taken at the same time, as described on p. 126. 

1st observation . . 274° 33' 

2nd observation 274® 54' 



2)549** 27' 



274° 43' 30" 
Semidiameter ... 15' 55" 



Mag. bearing (J) 274° 59' 2$" 

Astron. bearing from N. . 257® 35' 04" 



Variation of compass 17® 24' 21" W. 

NoTA Bene 

When the magnetic bearing is in excess of the true 
bearing reckoned clear round from the north point, the 
variation is that much west ; and vice versa east. 

The meridian can be also obtained by equal altitudes of 

the sun, similarly to the method by a fixed star. Owing, 

however, to the sun's position in the heavens having made 

a sensible change during the period of observation — /.<?. that 

which is due in reality to the earth's orbit, not its rotation — 

a conection termed the equation of equal altitudes has to 

be calculated at some little length. 

Since the methods given are all of them handier and 

practicable at any time when the solar equal altitude could 

■ ^ taken, this latter will not be gone into for want of space. 

[ The rough and ready method described on pp. 39, 40 with 

the plane-table is practically this problem, without, how^N^t^ 

^PpJ^y/jf the correction. 
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For nocturnal observations a good directrix is made 
from a piece of two-inch board with a circular hole three 
1 — -J- — . inches diameter in, it, and a wire tacked across 
^"^^ it up and down. It is convenient for attach- 
ing a lantern behind. It should be driven 
I ^ .-^^v ^"^b* i^^o ^^^ ground as far away from the 
Fig. 39. instrument as possible. 

Method of determining Locvl Mean Time and 

Longitude 

The reader should first peruse the following definitions in 
the Glossary — Apparent time, Astronomical time, Civil time, 
Mean time (which is the same as mean solar time). Sidereal 
time, Equation of time, Hour angle, and Longitude. 

The subjects of time and longitude are very closely 
allied. 

If we have Greenwich time by chronometer or other- 
wise, the difference between it and the local mean time is 
the longitude in time. This will have become plain from 
the preliminary remarks on p. 118 of this chapter. 

The tables for converting angles of the earth's rotation 
into their time-equivalents are all of course based upon 
twenty-four hours being equal to 360°, unless the centesimal 
system of 400° is used, which facilitates calculation, but is 
not adopted in this work on account of its novelty. 

The tables are given in Chambers's * Mathematical 
Tables ' and Raper. 

By the Slide- rule to reduce Arc to Time 

Arc Time 

Degrees give . . . minutes 



Multiplying by 4 



Minutes ,, . . . seconds 
Seconds „ . . . thirds 



Example, Reduce 157° 25' 32'' to its time equivalent. 
Write down the angle on one side 2C5 follows^ and placing 



k I 
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, I of tlie slide over a 4 of the rule write the equivalents 
lown opi>osite. 



Arc 


min. 


hrs. 


Time 
min. sec. 


57". 


. «628. 

seconds 


= 10 


28 


25'- 


. =100. 

thirds 


= 


I 40 


32" • 


. =128. 

Answer . 


. = 


213 




10 


29 42-13 



The hours could have been obtained by dividing the 
^ degrees by fifteen. The seconds of arc are generally ex- 
pressed in seconds and decimals of time, and are therefore 
also more quickly reduced by dividing by fifteen. 

To REDUCE Time to Arc 



I Hours give 
Multiplying by .5,^^-:;; 

(Thirds ,. 



Time Arc 

degrees 
minutes 
seconds 
thirds 



Example, Reduce 10 hrs. 29 mins. 42*13 sec. to its 
arc-equivalent. 

Time Arc 

10 hours X 15 150° 

29 minutes x 15 = 435' • = 7" ^5' 

4Q^seconds x 15 = 600" . = 10' 

2*133 seconds x 15 = 32" . = 0° o' 32" 



L 



157° 25' 32" 

When we have ascertained the true meridian, the 
simplest method of determining the local mean time is by 
the 

Culmination of a Fixed Star 

Any star within the range of the vertical limb of the 
instrument wiU do. Stars of small declination, \\Vlg X\\o^^ m 
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Orion, appear to pass the field of view much more quickly 
than those near the pole. When culminating at Greenwich 
an error of one minute of arc in determining the meridian 
would correspond with a time error of three to four seconds, 
whereas a star close to the pole would take twelve to fifteen 
seconds to make the same change of azimuth ; the former 
consequently yields the greater precision. An error of four 
seconds of time corresponds with one angular minute of 
longitude. 

RhU. Find the star*s right ascension and add twenty- 
four hours to it, if necessary. Find the sidereal time at 
Greenwich mean noon either from WTiitaker's Almanack or 
N. A. ; in the Nautical Almanac it is called the sun's mean 
right ascension at Greenwich mean noon.^ Correct the 
sidereal time thus found for the longitude by accounti 
by rule on p. 142. Subtract this result from the staJS 
right ascension. Remainder will be the interval in sidereal 
time between mean noon and the culmination. Redu^^ 
this inter\'al to mean time by rule p. 412. Final result ^^ 
local mean time of culmination. 

Example, On December 31, 1890, in longitude ^^ 
account 157° 25' W., find the local mean time of the culrX^ 
nation of Polaris. 

hrs. min. sec. 
Sid. time M. N. Greenwich, N. Aim. iS 39 27 

Diff. for I hr. 9*86" x Ion. in time 10*49 hrs. = — o i 43*4 

Sid. time M. N. at place • 18 37 43*6 



R. A of Polaris i 18 52-05 

Add . . . . 24 o o 



25 18 52-05 
Sid. time M. N. at place . • 18 37 43*6 



Sid. interval from mean noon . 6 41 08*05 

Correction subtractive, see p. 412 o i 57 



Mean time of culmination 64002-75 

' See * SidereaV Time; GVo^&^^rs- 
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Local Mean Time by Solar Transit 

The actual culmination of the sun can be observed 
when not too near the equator by means of the diagonal eye- 
piece. The meridian having been determined by a solar 
observation for azimuth on the same day or by the stars 
the night before, local mean time can be obtained in a 
similar way to that just described for a star-transit. If the 
sun souths too near the zenith we have to take an obser- 
vation for hour angle in apparent time, as will be presently 
described, but if we can actually observe the culmination 
we can save mathematics by merely applying the equation 
of time as explained on p. 399. The equation of time 
cannot be perfectly exact unless we know the longitude in 
time, which is just what we want to know, because the cul- 
mination is only given in the ephemeris for Greenwich noon ; 
but its maximum variation is i^ seconds per hour and is 
sometimes a small fraction of a second per hour. If there- 
fore we know our position within one hour, that is 15° of 
longitude, which is over a thousand miles at the equator, it 
could not make a greater error than \\ seconds of time. 

The equation of time approximately follows the time of 
year, and the following rough guide may be useful to fix upon 
the memory the positions of maximum and minimum varia- 
tion of equation of time. 

Table XXII. — Approximate Equation of Time 



January 


Sun after clock 


February i to 11 ,, 


»» 


February 11 to 28 „ 


>> 


March 


j» 


>> 


April I to 15 


>> 


>> 


April 15 to 30 


Sun before clock 


May I to 15 


»> 


»I 


May 15 to 31 


>> 


>» 


June I to 15 


»». 


»> 


June 15 to 30 


Sun after clock 


July I to 26 


)) 


»» 


July a6 to 31 


9f 


*» • 


1 ' '•• ■ 


1 
f 

, f 


\ 




/ 


' 



minutes 


minutes 


ih 


to 


134 


'3l 


to 


I4i 


'4| 


to 


I2i 


"i 


to 


4 


4 


to 








to 


3 


3 


to 


3 50 sec 


3 5° 


to 


2i 
•^2 


A 


to 








to 


3i 


3i 


to 


6J 


6^ 


Xo 


^ 



M \ 
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Sun before clock 



>» 



»» 



)i 



>> 



>» 



n 



6 


to 


o 


o 


to 


loi 


lOj 


to 


161 


i6t 


to 


II 


II 


to 


o 


o 


to 


3i 



August 

Sc|)temlH:r 

Oclolxir 

NovcmlKT ,, 

ncccmlH-T I lo 25 ,, 

Dcccmlxjr 25 tu 31 Sun after clock 

The surveyor can hardly be anywhere on land nowa- 
days where he cannot tell his position within 100 miles from 
some point given on an ordinary atlas. 

The maximum error in equation of time at say a latitude 
of 70° (which is about as far north as he can go) for a 
distance error of 100 miles would only be '33 of a second; 
we may therefore safely say that the surveyor can always 
obtain, for the purposes of his calculation, the equation of 
time, and when he observes apparent noon, by applying the 
equation of time he has the mean time at place. 

Example. On December 31, 1890, in longitude by 
account 157° W., observed the culmination of sun's western 
limbs at 1 ih. 58m. 12s. and eastern limb i2h. om. 34s. ; what 
was the error of the watch on local mean time ? 

Longitude in time 10*43 hours behind Greenwich. 

hrs. min. sec. 
Equation of time at Greenwich, December j. q , ,g 



31, mean noon • • . • 
DifV. for 1 hour 1*19 sec. x 10*43 l^'s.. 

Equation of time to be deducted from ap 
parent time ..... 



Apparent noon is . . . 
Deduct equation at place . 

Mean time of transit, sun's centre 



-o 



3 

O 12*4 



o 3 Z'(i 

12 o o 
o 3 3-6 

II 56 56-4 



By watch, western limb . 
eastern limb . 



99 



hrs. min. sec. 

11 58 12 

12 O 34 



>* 



transit of centre 



II 59 as*© 



yfsLtch fast on local mean lime . 



o a Tib^ 



•• 1 ■ 
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When the sun souths too near the zenith, we can obtain 
the local mean time by a 

Solar Hour-angle 

This observation may be the same as the one for azi- 
muth. If the reader will refer back to that problem on 
p. 132 it will save space to use that description up to the 
finding the three sides of the triangle SPZ. 

PZ=co-latitude. 

PS=co-declination. 

SZ=co-altitude. 

Angle SPZ, or for shortness P, is the hour angle because 
it is the angle of rotation at the pole between the position S 
where the sun is observed and the position S' which it will 
have on the meridian, and by formula 75 at p. 377 of App. 
we have, 
2 log cos ^ P=log sin S-hlog sin (S--SZ) + log cosec ZP 

-flog cosec SP— 20. 

As on p. 138 SZ=6i° 16' 16" ; SP=75° 06' 12*5'' 

ZP=38° 43' 15'' 
• S, the half sum,=87'' 32' 517" 
andS-SZ=26° 16' 357'' 

Log sin S 9*9996021 

Logsin(S — SZ) 9*6461139 

Log cosec SP 10*0148468 

Log cosec ZP 10*2037544 



39*8643172 
20 



2)19*8643172 



Log cos J P, 31° 11' 54*2'' . . . 9*9321586 
Whence P = 62® 23' 48*4'' 

This hour angle of apparent time is first reduced to its 
equivaJen^ in apparent time as follows : — 
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hrs. min. sec. 


62» . 


• 


248 min. 


.480 


23' • 


» • 


92 sec. 


. I 32 


48-4" 


• 


• • • i 


.0031 



4 9 35*1 

It is then reduced to mean time by applying the equa- 
tion of time in N. A. for Greenwich corrected for the assumed 
longitude. The longitude in time '0135 hr. is applied here 
merely to show that an error in assumption of 1 2 miles would 
not make an appreciable difference in the result. 

min. sec. 
Local apparent time as above . . . 4 9 35*i 
Equation of time at Greenwich, ) _2 ca-o 
mean noon, April 30 . . ' 

sec hr. 

Long, in time 48*5 x '0135. . o 0*004 

o 2 54 -034 



Mean time at place . .46 41*096 

Greenwich mean time by chronometer . 4 5 52*8 



Difference of time . . . . . o o 48*3 

= 12' 5" east longitude. 

hrs. min. sec. 
Time by watch, see p. 137 . . • 4 3 32*5 

Local mean time . . . . 4 6 41*1 



Watch slow on local mean time . . . o 3 8*6 

A sidereal hour-angle is obtained in precisely similar 
manner from a fixed star, only the arc of rotation, reduced 
to its time equivalent, is an interval of sidereal time and has 
to be reduced to its mean time equivalent by rule on p. 412. 

The time of apparent noon is also obtained by equal 
altitudes of the sun by applying the correction of equal 
altitudes already referred to, or else it may be obtained from 
the equal altitudes of a fixed star described on p. 124 with- 
out any correction. 

All the previous methods entail the use of a chrono- 
meter keeping Greenwich time, which, if done properly, is 
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I "y fer the most satisfactory, and indeed the simplest and 
[ easiest plan. 

The surveyor cannot, however, as a rule place very much 

dependence upon his semi-chronometer watch. Where he is 

able to return to a place at which he has previously fixed the 

"Erection of the true meridian and the geographical position, 

^e Can after any lapse of time recover the true time. 

This is a most important matter to bear in mind. It 
will often pay to take several days' journey out of the course 
to pick up a former station and so readjust the watch, 
because with a good timekeeper, although it may suddenly 
cha.iige its rate from rough usage, it is generally a gradual 
acceleration or retardation, and when a cumulative error 
has been discovered, it may be distributed proportionally 
over the unchecked back work with very close results. 

The process is simply to set up the transit in the meri- 
dian, and finding the time at place from a stellar culmi- 
nation as described on p. 137 determine the error of the 
"^^tch over a certain interval of time. 

The error of the watch on local mean time can be found 
anywhere ; but that does not give Greenwich time. The 
object of going back to the known station is to recover 
Greenwich time. 

We now come to observations for longitude by what 
are termed Absolute Methods. 

Eclipses of Jupiter's Satellites 

These phenomena, visible through a forty-power tele- 
scope of one-inch aperture, are timed in the Nautical 
Almanac for Greenwich mean time. All the observer has 
to do is to watch both the disappearance and reappearance 
and reduce the difference of time between the local mean 
time of its occurrence and its timed occurrence at Green- 
wich into difference of longitude. 

The configuration of Jupiter's satellites is given for every 
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day in the Nautical Almanac for north latitude, and mnst 
be reversed for south latitude. They are also given for an 
inverting eyepiece. The first satellite is most rapid in his 
orbit, and is therefore to be preferred. 

The eclipse being caused by the shadow of the planet 
falling upon the satellite, the latter may be at some distance 
from the planet when it takes place, so the observer should 
be ready a little beforehand. Raper says of this method that 
though easy and convenient, it is not very accurate ; the 
eclipse is not instantaneous, and the clearness oftheair,and 
the power of telescope employed, affect considerably the time 
of the phenomenon. Observers have been found to differ as 
much as 40 to 50 seconds in the same eclipse. 

* The observation can only be considered complete when 
both immersion and emersion of the same satellite have 
been observed on the same evening, and as nearly as pos- 
sible under the same circumstances. Thus if the satellite 
disappear a little sooner than if the air had been clearer, it 
will emerge a little later from the same cause, and the mean 
of the two results may be near the truth.' 

Lunar Observations 

The moon changes her apparent place in the heavens so 
rapidly that her R. A. and Decl. are given in the Nautical 
Almanac ephemcris for every hour at Greenwich. Her 
spherical distances are also given from the sun, certain well- 
known fixed stars, and any of the planets to which she may 
be near, for every three hours at Greenwich. Consequently 
if we observe some recorded phenomena in connection with 
the moon, or if we time her culmination relatively to that 
of a fixed star, or measure her distance from one of the 
registered stars, we have a ready means of finding Green- 
wich time. If the ephemeris were absolutely correct, these 
methods would be more valuable than they are, but, unfor- 
tunately, the moon^s apparent molVoxv \^ ^o eccentric that it 
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is impossible to register her movements perfectly. In addi- 
tion to this, the interpolation between the registered times 
is far from a matter of simple rule of three, To obtain any 
close results, a lengthy process called BessePs equation for 
fourth differences is required, and it is but rarely that the 
surveyor is able to afford the time for it. There are, how- 
ever, occasions in which even the approximate computation 
of the longitude from these lunar phenomena are the only 
means at the surveyor's disposal. 

• Longitude by a Lunar Occultation ^ 

Occultations of fixed stars by the moon are given in the 
Nautical Almanac with Greenwich mean time of immersion 
or disappearance and emersion or reappearance. The longi- 
tude by account gives a correction for the approximate time 
of occurrence at place, and the instrument should be set 
up some time beforehand, as the stars are often of small 
magnitude and need steady watching. 

At the instant of occultation the apparent R. A. of the 
moon's limb is the same as that of the star. The calculation 
is somewhat lengthy, to remove the effect of the moon's 
parallax ; which being done the true R. A. is deduced and 
the G. M. T. found. 

If the surveyor only has an ordinary six-inch or five-inch 
transit-theodolite he will have some difficulty in obtaining a 
good observation, but with the * ideal ' tacheometer described 
at p. 307 he will see it very well. 

Any good three-draw telescope attached to a post 
will do. 

The local mean time has to be first determined by one 
or other of the method's given on pp. 136-140. 

> A good illustration of this method is given in Raper's ^ Naviga- 
tion,* p. 305. 
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The Lunar Distance ' 

This observation for longitude has to be taken with the 
sextant, and will therefore only be explained in principle. 

Let Z be the zenith and M'S' be 
the observed lunar distance from a 
star, M'Z and S'Z being the zenith 
distances or complements of the 
observed altitudes. If M'S' were 
the true distance, we could find 
Greenwich time by interpolating 
between the registered lunar dis- 
tances in the Nautical Almanac 
But inasmuch as M' and S' are not the true places on 
account of refraction, parallax, and semi -diameter, the dis- 
tance is really MS. We can make the corrections MM' and 
SS' and then making S equal the sum of the true altitudes 
H + H', and s equal the sum of the apparent altitudes ^+^'» 
we have by spher. trig. (Chambers's *Pract. Math.' 7514 
sin2 \ MS=cos2 \ S - 

cos H . cos k' . cosj (j + M'S^). cos ^ ( j~M'S^) 

cos h . cos h! 

Terrestrial Difference of Ix)Ngitude 

When two points are correctly determined as to latitude 
but the longitude is doubtful, their difference of longitude 

can be computed as follows, 
providing that they are visible 
from one another. 

Let A, B be the sUtions, 
AP, BP their co-latitudes, the 
angles A and B their recipro- 
cal true azimuths, and AP^' 
or P, the required angular 
YxQ,^x. difference of longitude. As- 

' Examples of this method ate givetv \tv VwaL^i* % * l^vtVi^on^' ?• ^\ 
■hawljcrs's Math. p. 449, and aBTapV\\cmcV\vcA\Tv*\V«AsV»'\^'«^'*^ 
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suining the earth to be a sphere we have (by formula 81, 
P- 378)— 

cot i P =l!l3j^JKan HA~B) 
Sin \ {a^d) ^ 



Longitude by Moon-culminating Stars 

The Nautical Almanac furnishes the R. A. of the moon's 
bright limb for the lower as well as the upper culmination, 
marked L. C. and U. C. respectively. 

It also gives the variation in R. A. in one hour of longi- 
tude, that is the variation in her transit over two meridians 
equidistant from Greenwich and one hour distant from one 
another. The figures are calculated from the right ascen- 
sion of the bright limb and include the effect produced by 
the change of the semi-diameter. 

If we can determine exactly what the right ascension 
of the moon is at any time and place, we can find, by 
interpolating between the values for the two nearest hours 
in the Nautical Almanac, the Greenwich date corresponding 
to our local time of observation. 

The method adopted is to watch the successive culmina- 
tions of the moon's bright limb and some fixed star close to 
her whose right ascension is known. The Nautical Almanac 
gives a list of such stars which are peculiarly suitable from 
their position for this purpose. They are generally small 
however, and need some little practice in star-gazing to 
identify them. They are chosen with as short a time 
interval as possible and nearly on the same parallel. 

Very correct results are obtained by this method when 
the distance between the meridians is not great. 

The best plan is by corresponding obsertfiitions at two 
places on the same night. 

Such a case is the following example taken from Pro- 
fessor Loomis' 'Astronomy :' Let the right ascension of the 
moon at the two meridians be A and A\iiom'NVv\c)c\.'<K^ 
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know the moon's motion in R. A. dining ihe iniennlofthe 
two transits A' A. 

The almanac furnishes the variation of the moon s right 
ascension corresponding to one hour, which we will repre- 
sent by V. 

Wc shall therefore have the proportion — 

V : A'— A :: I hr. : the difference of longitude 

Example i. The R. A. of the moon's first limb Sep- 
trn\l)cr 0, 1 840, was observed at Washington to be igh. 21m. 
at;'«)os. ; and on the same day at Hudson, Ohio, 19b. 22m. 
g'7js. Rajuircd the difference of longitude of the two 
placi'ti. 

Here A' — A=39'82sec. 

'I'hal value of V must be taken which corresponds to 
the nudillc of the interval between the observations, which 
\ik fouiul by interpolation to be 135*55 sec. 

135*55 scr. : 39*82 sec.:: I hr. : 17 m. 37*56 sec. 

An accurate method of determining the longitude upo^ 
this principle, both for distant as well as near meridians, 
involving lengthy calculation, may be found in Professor 
(Jhauvcnot's * Spherical Astronomy.' 

Methods of determining the Latitude 

The simplest, most accurate, and most rapid of ^ 
astronomical calculations at the disposal of the surveyo^ . 
those for finding the latitude. The observer does not re^^ 
to know his meridian or his local time, all he needs * 



>vei 
obtain an approximation to the latitude with a pluin'^ 



sextant or a transit. In fact, as shown later on, he can ^ , 



stnng. 



In the prefatory remarks to this chapter it was sl^^ 
th3Lt an altitude of the true poVe \^ ^0^2! to the latitu^^ 
the place. If the pole star ^exe exaicjec^ ^\. ^^ \^^ 



should mere))' have to take its altitude in order to get our 
laii'tiide. The pole star is not exactly at the celestial pole, 
so it has to make its own little circle of apparent rotation 
round the true celestial pole. It will be seen on examining 
Fig. 117, Glossary, that no star whose polar distance is less 
than the latitude can set, neither can any star whose polar 
distance is greater than 90° +co-latitude ever become visible 
above the horizon. 

The pole star crosses the meridian in the Northern 
Hemisphere twice in the 24 hours like all the rest of the 
stars. It is in fact a circumpolar star. When at its upper 
piss^e, its altitude will he 1° 16' 42" greater than, and 
»hen on its lower passage as much less than, the latitude. 
Similarly when we know the declination of any other 
star we can tell the latitude from a meridiona] altitude. 
All we want besides is to know what side of the globe we 
are on, and in which direction, north or south, the body is 
cnlminating. 

In north latitude when the polar distance is equal to the 
implement of the ialilude, the body culminates at the 
2«iith {Z, Fig. J 2^) because then the altitude=ZP + PR. 

When the polar distance is greater than the co-latitude, 
•' culminates to the south, and when less to the north ; and 
vhen equal 10 the supplement of the latitude, the body 
•^nly touches the horizon when making its meridional pas- 
^e. Its diurnal path is represented by HT (Fig. 127).' 

When the polar distances are as above in south latitudes 
Ibe culminations arc in the opposite direction. 

When the polar distance is 90°, or in other words when 
"** body is on the celestial equator, its meridional altitude 
"I (Fig. 127) will be the complement of the latitude, because 
HEPR=iSo'^ and EP=90°, therefore HE + PR=9o". 

l"he polar distance is either the complement of the 

••^lination S'P or 90°+ the declination U'P, and the 

Following rules are deducible from Fig. 127, for obtaining 

'fbe pBlhs of the celestial bodies oie shown diagram maticitly. 
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the latitude in either hemisphere, when we know the decfi- 
nation and altitude on the meridian. 

Rule I. In the Northern Hemisphere. 

(A) N\'hen a body culminates to the south of the 
obser\-er. 

(i) When the declination is north. Subtract the declina- 
tion from the altitude, this will be the co-latitude: 
HE=S'H-S'E (Fig. 127, Glossary) 
(2) When the declination is south. Add the decHnatioD . 
to the altitude ; this will be the co-latitude : 

HE=EU'-fU'H 

(B) When a body culminates to the north. 
(i) When it culminates above the pole. Subtract the 

co-declination from the altitude. This will be the latitude: 

PR=VR~VP 
(2) When it culminates below the pole. Add the 
co-declination to the altitude ; result is the latitude: 

PR=V'R-|-VT 

Rule 2. In the Southern Hemisphere. 

(A) When the body culminates to the north of the 
observer. 

(i) When the declination is south. Subtract the dec»' 
nation from the altitude ; this will be the co-latitude '• 
QR=S"R-QS" (Fig. 128, Glossary) 

(2) When the declination is north. Add the d^^^ 
tion to the altitude ; result will be the co-latitude : 

QR=U"R + U"Q , 

ft' 

observer. 

(i) When it culminates above the south pole. Sub^ 
the co-declin. from the altitude ; result will be the latiti> 

OH=V'H-V'0 
(2) When it culminates below the south pole. Add ^ 
co-declination to the altitude ; result will be the latitiiC^ 

OH=OV-l-VH 



FAt the equator, all bodies having north declination cul- 

jate to the north and all bodies having south declina 
; to the south, so that when near ' the line ' 

e can be no mistake as to which rule to adopt. The 
Bridional altitude of a star near either north or south pole, 
'such as n Ursffi Majoris or u Crucis, will at once show what 
side of the line we are on. 

The most accurate method of obtaining the latitude is 
by a fixed star, but, all things considered, the most useful 
celestial body is the sun. The moon or one of the planets 
will all serve the purpose as well as a star ; the only diffe- 
rence is that the declinations of the bodies of the solar ' 
system vary from day to day and we have to know, approxi- 1 
roately at least, what the Greenwich time of our observation I 
is in order to get the correct declination from the almanac I 
The declination of the fixed stars is only very slightly 1 
variable from year to year, so that one of them will serve J 
our purpose just as well if we have not the most remote ideiJ 
of our longitude. But the great value of the sun arises fronl 
its being a daylight observation, and to any one not familij^l 
with the stars an unmistakable object. There are but feifl 
cases in which we cannot obtain the longitude by accoui^f 
near enough for determining the declination. fl 

The formidable array of logarithmic figures, which aefl 
so associated with astronomical problems, convey the impreaM 
sion of a complexity which does not in fact exist, at least afl 
tai as latitude is concerned. There are no trigonometries™ 
calculations at all about obtaining the latitude. The fir^H 
operation is to free the observed altitude from errors due t^| 
dip (if the visible horizon is used), parallax, and refractioi^B 
and to correct it for semi- diameter, for all of which ternifl 
see explanation in Glossary. The second operation is t^M 
reduce the recorded time to Greenwich time from the long^| 
tude, as far as it is known by account The sun's maximunH 
variation of declination is only about an angular minute pet^ 
hour, and an hour corresponds with 15° longitude, so that J 
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we must be a very long way out in our reckoning for longi- 
tude for it to make any serious difference in the calculation. 
The third operation is to calculate by a simple nile of 
three sum the declination at the time of observation as re- 
duced to Greenwich mean time, and finally to apply one of 
the foregoing rules to the particular case. 

Latitude by Circumpolar Stars 

An exceedingly exact though lengthy method of obtaining 
the latitude is by observing the upper and lower culminations 
of a circumpolar star. This can be done without knowing 
the meridian, the declination, or the time, because it is suffi- 
cient to watch for the maximum and minimum altitudes of the 
same star. When both observations are corrected for refrac- 
tion the mean of the two altitudes is the altitude of the 

VR+V'R 
celestial pole, that is the latitude of the place : -^ 

PR (Fig. 127, Gl.). 

Generally the time is known and the true meridian can 
be readily ascertained. In this case the operation is v^^ 
speedy, for the altitude is measured at either of the culitu^' 
tions and the declination applied as already explained. 

Latitude by Meridional Altitude of a Fixed S"^^ 

On February 5, 1889, observed the meridional altit^ 

of Sirius in Honolulu, north latitude, star culminating to * 

south. 

Observed altitude 52® 08' 20" 

Refraction o** o' 45 

S. Declination (N. A.) . 

By Rule I. A. 2, Co-latitude . 
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07' 


35' 


16° 


33' 


S2" 


68° 


41' 


27" 


900 


0' 


0" 
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The latitude by a meridional altitude o( the sun, which 
is t"he sailor's stand-by, is identical in principle, only subject 
to correction for pairallax, which is insensible in the case of 
3- fixed star. 

The following example is taken from Raper's * Navigation,' 
illustrating the calculation made on board ship with the 
sextant. May 3, 1878, longitude 38° W., obs. mer. alt.^ 
56^ 10' to the southward ; ind. corr. -f 2' ; height of eye 20 
^^et ; required the latitude. 

Decl. 3rd Table 60 or N. A. 

Corr. for 38° W + 0^ 



15° 43' N. 



Obs. alt. Q 
Ind. corr. +2') 
Dip. -4'^ ' 



App. alt. 

Refr. - I' 

Semidiam. + 16 

True alt. . 

Zen. dist. . 



\- 



56° 10' 



15° 45' N. 



- o" 



56° 


8' 






+ 0° 
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56° 


23 




33° 


37' 


33° 


37' 



Latitude 49° 22' N. 

This is a case of Rule i. A., but in Raper the zenith 
. ^^tance is added to the declination for the latitude. An 
^^pection of Fig. 127, Glossary, will show at once that ZE= 

-^ because PE=9o°, and ZR=9o°, and ZP is common. 
y There are a great variety of methods of determining the 
^^itude. The foregoing are the most common, and as they 

^^ always available when the heavens are suitable for 
^*^^rvation, we will not take up space with more than an 

"vision to two others. 

ist. Latitude by an altitude of the sun out of the meri- 
- ^i^n. In the triangle PZS (Fig. 127, Glossary), if we know 

^e time, we have the hour angle SPZ. The co-declination 

^S we also know, and ZS is .the co-altitude. From these 
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data we can obtain the side PZ, which is the co-latitnde.:] 
The demonstration of this is given in Chambers's * Mid»' 
matics/ art. 887. The bare formula is No. 78 in the! 
Appendix. 

2. latitude by two altitudes of the sun or of a stai, 
and the interval of time between the observations, or the 
altitudes of two known stars, taken at the same instant, to 
find the latitude of the place. To those fond of maAc- 
matical gymnastics of high order this method is recom- 
mended. It involves a maximum amount of labour with a 
minimum chance of coming out right at the end. 
Demonstration in Raper, Chambers's * Mathematics,' &c 

In conclusion, as to observations of meridional altitude, 
the pole star and circumpolar stars have this great 
advantage that they are longest at culmination, giving good 
time for a series of altitudes, and the vital necessity of 
repeating the observation face right and face left, as 
explained in tacheometry, cannot be too strongly urged. 

The subject of latitude will be concluded with a method 
of obtaining it without any instrument at all. 

Graphic Latitude 

The following simple method of obtaining an approxi- 
mate latitude is described by Mr. Coles of the Geographical 
Society, and is given here somewhat in his words with a 
few additional explanations and practical cautions, but the 
diagram and example are independently worked out. 

By observing the times when two pairs of stars are 
vertically above one another the latitude can be obtained 
by graphic construction in a very short time. All one 
requires is a plummet-string, and a table of mean positions 
of fixed stars, such as is given in Whitaker's Almanack. 
The operation should be repeated once or twice, and the 
results meaned. It requires a time interval of from four to 
ei^ht hours, and a timepiece nvYvVcVx \^ 2l\. \^as»\. accurate to a 
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few seconds for that interval, although it may be quite wrong 
on local mean time. The positions of the stars are pro- 
jected stereographically upon the plane of the celestial 
equator ; the circle marked primitive being the equator to a 
radius i. P,the centre of the circle, is the projection of the 
pole. The first point of Aries is marked t, and the other 
quadrants of right ascension 6 hrs., 12 hrs., and 18 hrs., 
indicated by their numbers. The projections of the vertical 
circles through the stars are obtained as will be explained, 




and the intersection of these circles being the zenith, the 
arc ZP, which (Fig. 127, Gl.) is the co-latitude, gives us the 
latitude of the place. 

It will be seen that the circles through the stars are 
much flatter than the primitive, and it is important to have 
them cut one another as nearly at right angles as possible, 
so the first pair of stars should be as nearly east, and the 
second pair as nearly west, as can be conveniently chosen, 
with as long a time interval as possible. - 
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One of the stars may belong to both pairs as in the 
example, but not necessarily so. 

We will explain the process direct from the example. 

Betelgeuse and Sinus were observed with the plummet- 
string when bearing about S.E. by S. ; and after nearly six 
hours, when Sirius was nearly setting, it was observed plumb 
under Regulus, bearing about W.S.W. The four positions 
of the stars are marked S and B for the first pair, and S' 
and R for the second pair. The projections of right 
ascension are measured by the chords of the angles on the 
primitive from nr. The projections of polar distance are 
measured by the tangents of half those arcs from P upon the 
radial lines drawn to the positions of the stars in R. A. Thus 
by slide-rule the chord of R.A. of Betelgeuse=2 sin \ angle, 
and the arc corresponding to shrs. 49m. 10 sec. =87° 12' 
30''. Placing the extremity of the sine-scale under the 2, 
we read for 43° 36', i'379, which is laid off from <r. The 
declination of Betelgeuse is 7° 23' N., therefore polar 
distance=82° 37'. The tangent slide in its initial position 
gives for 41° iSV -878, and this we lay off from P. The scale 
of the plot was radius =1 decimetre, so that the bevelled 
edge of the slide-rule served for all the scaling. The dia- 
gram as printed has been reduced to one-fifth its original 
size. The first pair of stars being projected, the second 
pair are treated similarly, except that their right ascension 
is decreased by the amount of the sidereal time interval 
between the observations. The projections of the vertical 
circles are shown on the diagram for both pairs, and their 
intersection Z, but only the locus C of the second pair is 
shown, and the auxiliary dotted lines by which it is deter- 
mined in order to avoid confusion. 

Through R draw Rpg, and lay off the perpendicular 
HPE. Draw eRd and dpf. Draw efg' cutting Rpg pro- 
duced in g'. Bisect Rg' and draw the locus perpendicularly 
through its centre. Bisect RS' and draw the perpendicular 
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n it to c in the locus, which will be the centre of the 
jection of the vertical circle RS'. 

Draw circle S'R, and similarly, from a fresh locus, the 
:le SB cutting S'R in z the zenith, zp measured by 
le scale gives the semi-tangent of the co-latitude ; being 
projection of a great circle passing through the pole, 
lilarly to the circles of polar distance pS', pR, &c. 
At Kukuihaele, Hawaii, in latitude 20° 8' 9" by account, 

hrs. min. sec. 

Observed Betelgeuse and Sirius plumb at . 7 39 15 

„ Regulus and Sirius plumb . . 13 26 15 



Mean time interval . . 5 47 o 

orrection by slide-rule (see Sid. Time — Glossary) + o 57 



Sidereal time interval . • 5 47 57 

hrs« mm. sec. 

R. A. of Betelgeuse 5 49 10 

„ „ Sirius 6 40 15 

,, ,, Regulus, less sid. time interval . 4 14 31 

„ ,, Sirius, less sid. lime interval .05^^^ 

Declination of Betelgeuse 7° 23' N. and P. D. =82° 37' 

,, „ Sirius . 16° 34' S. and P. D. = 106° 34' 

,, ,, Regulus 12° 30 34'' N.; P. D. = 77" 29' 26" 

ZP 5= semi- tangent of co-latitude = by scale 

of diagram -698 .... =tan. 34° 55' 

2 



Co-latitude 69° 50' 

90° o' 

Latitude 20° 10' 
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CHAPTER V 

TACHEOMETRY 

. Tacheometry, or rapid measurement, is a term which 
signifies more than one kind of measurement. It may be 
defined as telescopic surveying, and has for its aim the pro- 
duction of a correct map with the least possible assistance and 
in the least possible time. It performs at one operation the 
measurement of distance formerly only possible with the 
chain, and the measurement of elevation formerly made 
with the level and staff. 

The word is sometimes written tachymetry or takimetry. 
The French also have a word * takitechnie ' or * rapid art,' 
which includes the use of the slide-rule. The principal dif- 
ference in the methods of tacheometry is in the mode of 
mapping. If the plane-table and stadia are used, the map- 
ping is done in the field, but if the transit and stadia are 
used, the mapping is done at home from field notes. 

The instruments used are very numerous, some of them 
highly complicated, and many of them exceedingly ingenious. 
Their names often affect an originality of principle or an ex- 
tent of accomplishment which does not really belong to them, 
whilst they fail to classify them according to their organic 
type. 

The measurement of distance performed optically is the 
essential principle of the stadia, and places it in the front 
rank of all tacheometers. 

There should be a means of distinguishing those instru- 
ments which measure angles for the calculation of distance 



i as the Hadley sextant whun used in hydrography ; 
F-which demand the measurement of a base by tape, 
T pacing, like telemeters and range-finders ; or those 
which require the use of a rule of three sum or reference to 
a table, like Eckhold's ' omnimeter,' or the micrometer tele- 
scope — from those inwhich thedistance is practically «e«, or' 
at least read at a glance from a graduated rod. This latter 
achievement, though not by any means new in principle, 
deserves a special atid typical designation in its modem form. 
The word metroscope, forming a good third with tele- 
scope and microscope, from metron a measurement and 
skopeo I behold, would express more satisfactorily the stadia 
principle. 

Mr. B, H. Brough, in his paper in the 'Min. Proc, Inst. 
C. E.' vol. xcL, attributes the invention of the stadia to 
Mr. William Green in 1778. It was used with a simple tube 
having in its field three horizontal wires, and was used upon 
the principle that since rays of light travel in straight lines 
except as diverted by refraction, the distance of an object is 
sensibly measured by the extent of the optic retina which is 
covered by it. 

Thus, supposing we see a man and a boy standing 
together 400 yards away from us, and the image of the boy 
upon the eye occupies three-fourths of that of the man ; 
then, if the boy comes forward so as to he joo yards from 
us, he will appear to be exactly the same height as the man. 
If we arrange the two extreme horizontal wires in a plain 
tube so that 20 feet away from us a graduated staff will show 
3 feet subtended by the wires, then at a distance of 40 feel 
they will subtend 4 feet and so on. 

If we term the distance of the hairs from the eye ' hail 
distance,' and the distance of the staff 'staif distance,' alsc 
the distance apart of the hairs ' hair height ' and the space 
subtended by them on the staff ' staff height ,' we have b] 
simple proportion — 
Staff diilancf : slajj hdj^lil :: //ik> dUlana : hair hni^kt 
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from which we can calculate the distance of the staff when 
we know the other three factors. If, however, we graduate 
the staff so that one subdivision represents lo or loo of hori- 
zontal measurement, and if we then direct the lower hair to 
an even figure on the staff, we can simply read the distance 
from the staff. 

When telescopes are used (and the lens-power is the 
backbone of stadia measurements) the factor of 'hair 
distance ' varies with the focus, so that we have no longer a 
single ratio as a multiplier for determining the distance, and 
to avoid making a calculation every time, we have to reduce 
the varying ratio to a single ratio plus a constant, or else an 

ct^ a. --1^ 



Fig. 43- 

optical device is resorted to in the instrument itself to 
produce the effect described on p. 392. 

Fig. 43 applies to a horizontal sight when the staff is 
vertical, or to any sight when the staff is held at right 
angles to the line of sight. 

Let s be the intercepted height on the staff; /, the height 
of its image ; a^ the distance of the staff from the object- 
glass ; X, the distance of the image from the object-glass ; 
^ the focal length ; d^ the distance of the axis of the instru- 
ment in rear of the object-lens ; A, the distance of the staff 
from the axis of the instrument. 

Then by simple proportion, as before, we have 

H « 



■I 'l . I 



. "^ '■ ' ' 
Tacheontetr)* i6r 



But the general formula for the foci of lenses is 



f X a 
This multiplied by a^ becomes 

-+ I => (2) 

X f 

ind substituting for - on the one side of the equation its 
value from (i) we have 

or, 

K=a+d=.f-.+f+d (3) 

f-. is a simple ratio, and /+ ^ is a constant, which ranges in 

different instruments from 12 to 24 inches. < is generally 

constructed =100, that is to say for a fourteen-inch telescope 
the hairs are placed one seven-hundredths of an inch above 
and the other seven-hundredths below the axial hair. An' 
amateur will find the best way to do this, to mark the lines 
on the brass diaphragm with a needle point, as explained 
on p. 312, then to fix one hair permanently with shellac 
but to fasten only the extremities of the other hair at the 
>uter edges of the diaphragm ; this will permit of a slight 
idjustment of the hair to fix it finally by drawing it up or 
lown at the inner edges of the diaphragm with a quill 
ipped with shellac. If the measurement of the spaces is 
arefiilly made, it will only require to be moved by about 
ts own thickness, if at all. This may not leave the hairs 
>erfectly equidistant from the axial hair, but that is of 
mall importance when the two distances are known. Most 
urveyors who put in their stadia hairs put therci m 'aX 
aphazard; and find their value by experitriervt, ledMc^vw^ 
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ir.Ks dis'^nce bv siide-rule. bu: bv >o doirii: thev sacrifice for 
the sake of a van- l:n]e evtra trouble the most valuable 
feature of >:adia measurement, and open to themselves a 
fen ile source of error. The diaphragm will hardly ever 
have to be taken out more than once to finally fix the 
hairs. 

The constant oi f-^d with a founeen-inch telescope in 
which the venical axis was eight inches from the object- 
glass would be 22 inches or iS feet ; but inasmuch as the 
readings are only taken to even feet, the constant to be 
added would be 2 feet, or with a ten-inch telescope hung 
concentrically it would be 1*25 feet : but unless at very close 
distances, only i foot would he deducted. This requires 
no entrv in the book : it is usually added systematically 
down the whole row of figures as they are entered by the 1 
recorder. 

The principle of all telemetr)- or tacheometr}- is triangu- 
lation, but it may be otherwise styled the determination of 
parallax. This is a great word amongst astronomers, for by 
it the whole solar system is plotted to scale, and it serves as 
a complete illustration of the \'alue of tacheometry. Parallax 
is the angle at a distant object which subtends a given base. 
'Ilic greater the base, and the more exact the angular 
measurement, the more correct will the measurement of the 
/listance be. It is possible to obtain a greater de^tt o) 
accuracy with a small base and high powers of angul^i^ 
measurement, than with a long base but inaccurate 
angles. 

F'or instance, with a range-finder, a base is run out a^ 
explained on p. 338 ; it may be 100 or 200 feet, but if th^ 
angle is taken with a low power and the base roughly 
measured, it will not produce results nearly as correct ^^ 
those of a stadia telescope of high power when forming upo^ 
a distant graduated staff a base of only a few feet. 

'I 'he base which the astronomers have for determini^^^ 
the distance of the sun is onV^ t\ve d\3ivcve\£x o^ \.W earth, an< 
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that is ^Q ^^ distance itself something like a hair's breadth 
to a distance of six feet. 

"^^other analogy that should be borne in mind is that 

exactness is always proportionate to magnitude. It is 

supposed that the error in the sun's distance does not exceed 

125,000 miles ; this in itself is a large amount, but in 

93>^Oo,ooo it only represents y^, which, considering the 

size Qf ^j^g base, is marvellously accurate. Porro, who in 

^^^3 introduced the anallatic stadia telescope of high 

power, claimed never to have exceeded an error of ^^j^ up 

^0 660 feet, or -n^ in distances up to 1,320 feet. This 

^ould mean that at a distance of 660 feet, he could read to 

^''c-third of a hundredth of a foot on a staff graduated in 

^^i" way. His telescope must have been an uncommonly 

^ood one. 

If a preliminary survey is correct to the limits of the 

^^^le, it is all that can be demanded of it, and 100 feet to 

'^^inch is about the largest scale used for that purpose, at 

^*>ich less than i foot would be practically unscaleable. 

. *ghts should not be taken at distances too great for the 

Jf^^trument to read the graduation distinctly, and this 

/^*^t varies from 300 feet in small to 1,000 feet in large 

^^struments, beyond which only check sights, or those upon 

^e accuracy of which the survey does not depend, should 

^^ taken. 

Even with large telescopes, 300 feet is about the best 
forking limit for the length of sights. In the first place, the 
Reliability of the levels rapidly diminishes beyond that 
distance just as it does in ordinary levelling, and in the 
second place, detail is sure to be missed. 

The value of long shots, either within the range of the 

stadia or beyond it, with the micrometer is very great, both 

as a check, and also for connecting the survey with useful 

outlying points, of which the detail is not required, and 

which cannot be got by intersections. 
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NfKTHOus OK Taking the Sights 

In level country it is convenient to set the telescope 
horizontal like an ordinary level and read off all three hairs, 
hooking the stadia hairs in their column and the axial hair 
in the eolumn for foresight or intermediate ; there will then 
he no entry under the vertical limh column, and the level 
will he reduced hy the collimation method. This is only 
possihle where the staff does not travel outside the field. 

When it becomes necessary to use the vertical arc, the 
lower hair should preferahly be directed to an even foot on 
the staff, and that one which will bring the axial hair as near 
as possihle to the same height above ground at the staff as 
I he line of sight is above ground at the instrument. For 
instance, if the telescope is 5 feet above ground and the 
staff is ^550 feet away, the stadia being arranged at i in 100, 
the lower hair should be at 3*00, then the upper will be at 
(>-5o, or, if there is an instrumental constant of i foot at 
()'4t), the axial hair being at 4745. 

There are two methods in vogue for holding the staff. In 
Clermany the practice is to hold it at right angles to the line 
of sight, in America to hold it vertically. It can be easily 
shown that in both fi^^ures, 44 and 45, angle .v=angle X ; and 
calling the difference of the two stadia hair readings S and 
S', and the reading of the axial hair H, we have for Fig. 44, 

A=Sx •^+^4-/ 

or for the case of an instrument whose stadia value is i per 
1 00, and constant i '5 feet, 

A=iooS-f 1*5 

B=A xsin X 

C=A. cos X-|-^=A. cos X + H. sin X 

In Fig. 45, S=S'. cos X 

.•.A = S'.cos X X t^-d^-f 

Or tor similar case, 
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A=ioo S'. cos X+ 1*5 
B=A. sin X=ioo S'. cos X. sin X 
C=A. cos X=ioo S'. cos* X+ 1*5 
The writer prefers the first method for the following 
reasons : 

I. When the staff is held vertically, the accuracy is 
dependent upon the staff-holder, who has to watch a circular 




Fig. 44. 



bubble or plumb-bob, but the observer has no means of 
telling whether the staff is correctly held or not. When the 
staff is held at right angles, the staff can be furnished with a 
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Fig. 45. 

piece of wood whose two faces are each three or lour inches 
long, one painted white and the other black ; this serves the 
twofold purpose of enabling the staff-holder to sight square, 
and as a tell-tale to the observer, who by a wave of the 
signal-fla^ makes the staff-holder adjust *\l v^'\\.\\ ^^il^cX 
coijectness. 
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2. In the first method, the only correction for steep 
angles in the method of reduction is to add to C the distance 
/, which, as will be seen, is seldom a scaleable quantity, 
and from the short table on p. 167 the surveyor will be able 
to calculate mentally whether the correction will be appre- 
ciable or not. There is, strictly speaking, a second correc- 
tion for B, due to H being shorter in Fig. 44 than Fig. 45 
by H— H cos X; but this rarely enters into the calculations. 

In the second method the use of cos ^ X is required 
which necessitates a specially made slide-rule, or failing a 
slide-rule a double calculation. For B also a double mul- 
tiplier is introduced in the shape of sin X x cos X. These 
formulae have to be applied to all vertical angles. 

The metallic slide-rule made by Mr. J. Kern, of Aarau, 
Switzerland, is a topographical speciality, which will greatly 
assist those who prefer to have the staff held vertically, as 
it gives the horizontal and vertical components for that 
method. The values of cos^ are given upon a short 
slide and sin x cos upon the usual long slide. The 
metallic division is not more accurate than that of either the 
boxwood or celluloid rules, and the fit of the slide upon the 
one examined by the writer was not equal to them. It is 
more trying to the eye to read, and it is of course much 
more expensive. It has, on the other hand, the advantage 
of being more durable and less susceptible to humidity. 

3. If the staff is intended to be kept always in a vertical 
position, an error on the part of the assistant is much more 
fatal to accuracy than when it is kept at right angles to the 
line of sight. 

For instance, let the stadia read one per cent. ; let the 
line of sight be at an elevation of 45°, and let the direct 
distance be 300 feet. An error of 3° from the vertical 
position of the staff will produce an error of 10*3 feet in 
horizontal distance ; whereas the same error from a normal 
position of the staff will only produce an error of 0*3 foot in 
horizontal distance. 
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Table XXIII. — Functions of Angles in per cetUage of perpendicular 

to base. 
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10° 0' 


17*6 


14*58 


5° 43' 


lO'O 


I0*20 


10° 12' 


18 'o 


1 is'co 



V. 
V 



« UJ w 

rr* U 3 
bOu C 
C £•- 



XO° 46' 
16° o' 

11° 19' 

11° 52' 

12° O' 
12° 25' 
12° 57' 

13° o' 

13° 30' 

14° o' 

14° 2' 

, M° 35' 
• 15° o' 



u 



19*0 
19*4 
20*0 
21*0 
21*2 
22*0 
230 

23'i 
24*0 

24*9 
25*0 
26*0 
26*8 



^'^^ciinple I. Required by first method, B and C. . 

being ioo;/+^=r5; H=5-o ; 8=3-00; and X=572°. 
This ^rigle corresponds with a slope of i in 10, which is a 
steeper ascent than is ordinarily met with in roads. 

A=ioo S + i*5=3oi*5 
B=A X sin X=3oi -5 x '0996=30*03 
/=io per cent, of 5 feet=*5o feet 
C=Axcos X+/=3oi-5 xo*995 + *5 

=299*99 feet + '5 
=300*49 feet 

I ^ote. B' is the height that is actually needed for the re- 
^luction of the levels, so that B would be, strictly speaking, 
subject to an addition of H — H. cos X=o*oi feet, making 
^'=30*04. 

' Example 2. Required A', B', and C in Fig. 45 ; the 
^^ta being the same, except that H will become 5*02 nearly 
and S' =: 3-02 nearly. At that distance only the nearest 
^'idredth can be read to, so the results cannot be made 
.^tly to correspond with example i ; the difeetvc^ oi o*\ 
"^ S' makes a, difference of 'i ft. in B'. 
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A = I CO ?» . cos X -I- E '5 

= [ao xo*995 x 3*02 -hi -5 =302*00 
(which is practically A-|-/) 
\\ =( ICC S . cos X-h 1-5) X sin X 
=302 X 0-995 X 0*0996 
=3ccS 
(.'=ico S'. cos- X+i*5 
=302 X 0-995 X 0-995 + " *5 

— j-'G 3 

I: :•= trie that by a specially constructed slide-rule, tw 
\c:ir.\-:'s.- ation by cos* and by sin x cos is as simple as 
:ha: ' y ...,.s j.nd sin ; but beyond the limits of 300 feet wi"* 
angles a< steep as that in the example, the slide-rule^ 
not give the result to a tenth of a foot in elevation, ^^ 
therefore most of the turning sights and many others also 
'.vhere special accuracy is needed have to be redu^^ 
numerical h. d^ViA :hcn the extra labour of the second metuo^ 

IS tell. 

Usually .1 lii;;i: of accuracy is required of about one ^^ 
'>f cievatinii and ten feet of distance. This upon a scale o^ ^ 
m';e< huriz(.>ntal and roo feet vertical per inch would not 
sraleal)le, whil-t on scales of 400 feet horizontal and 40 f*^ 
vcrtiral [)er iivh they would represent '025 inch, which isnc^^' 
large amount, and this accuracy can be attained by beginncf^^' 

Tfie field work performed with the tacheometer alo*"*' 
apart from the auxiliar}- work of contouring and plane-tabU*^ 
detail, consists of surveying and levelling, and though tl^ ^ 
are performed simultaneously we will consider them sef^' 
rately ; and, first — 

Surveying 

The greater part of the measurements are independ^ ^ 

rays whose bearings are read from the horizontal limb. Gr^*^ 

care is needed to avoid misreadings, as there is but lit*^ 

op[)ortunity for checking them. Some useful checks a.^ 

prarticabh which will be Y:)Tesewt\Y ^e5crs^vi^,\svi\. ^kechi *• 
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^^^ans of keeping the general direction true is the observation 
*or azimuth described on p. 136, and a frequent comparison 
With the compass-needle. 

^Vhen the distance of any point is measured by the stadia 
^^d its bearing also taken it can be plotted either by a pro- 
tractor or by latitude and departure. Before commencing a 
survey the true meridian is acertained and some convenient 
reference-mark or 'directrix' chosen. Then the staff is 
^^i^ied to all the points in succession which are to be shown 
^^ the plan, and finally to the new instrument station, the 
observations to which are taken with extra care, and a check- 
^^Sht taken on the directrix before shifting the instrument. 
^^ is advisable, if the instrument is fitted with two verniers 
^o the horizontal limb, to remove one of the microscope 
headers ' during all the observations so as to avoid getting 
^'^ to the wrong vernier. 

When adjusted at the new station, the horizontal limb is 

^*artiped to the same bearing, entered in the book from the 

'*st to the second station, and the telescope is directed by 

5j^^ns of the external axis to the staff held at the first station. 

*^e reader is then transferred to the opposite vernier so as 

,^ Sive the bearing di 180° and so replace the zero of the 

horizontal limb in correspondence with the meridian. 

It may be mentioned that in some countries the south 
^^int is called 360° and the north point 180°. 

If the bases are short it will be necessary to align the 
^l^scope from station to station by a plummet, because the 
^ff being three or four inches wide will give a margin of 

At the new station the staff is read a second time by the 
^^dia as a backsight, so that all the primary lines of the 
*'a verse are measured twice over. // 7mist be borne i?i mind 
^/ the instrument cannot be carried forward as in levelling 
^ head of the staff to take a backsight. At every fresh instru- 
mental station the staff and instrument must change places. 
^he station must be clearly marked. A good stout peg should 
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•^/•: iv..: :.-_-c:: fte: .:c* ~Tt=: i cccrje of irardsawy, 

'.-'.:. i.: '.o.T.er- 'Lfr^r.-.-rT, :: t." V f-^zitr: :■: cesoibeihein 
r- •.:•.; '.'.!u-r. f:r rerr-irk. i;.:: if liiey =rf uncefncd they 
'.'.-.': >: rr-arkec \y cruller fiikes :r builder's laihs. A 
'/. r. v':r. ; 'zr. : r. 0:2:: : r. or. £. c : r.rir':: : -* rrLTersc is :o name the 
.:.-. •..'.:.'. 'J.-.: ---atior.* by ±e cipiiil leners :f ihe alphabet to 
':.•; *::A, ar.d thtr. the <ZLi" \tT.-T<^ 2r.tz which it will 
V; '.af': to !>--e:n a^-a:r. Tr-;:h :he capi:^- The siaa stations 
'/'iXi tho-r. "'>-j marked with :he le'ner of the stadon nrom which 
\:,*^^r v/i'.ior. has r^er. r:z<'. cetermined. and ieir number 
;j', A . B,;^ and sO or., a separate column being given to 
t-M*},,. \\'\,t:n a new instniment station is observed from an 
old t*uf:, or a backsight from a new one upon an old one, 
t;,'; r*::A\u'd of the staff is booked thus : 



A 



hians'.i:;.:. 

r; 

A 



355= 



Tut Stadia Hairs 

A', lia', hecn already stated, when the vertical arc is used 
ilj': low<:r :,tadiii hair should be directed to an even foot so 
ili;it tin: i-.yi: will not have the effort of endeavouring to r^ 
\Mjiijll;ifM:oijsly three heights upon the staff. There is g^^^\ 
Mlly a '.lip'Jit movement of the staff which makes it ^^^ 
tU\Ui lilt to Mr;id unless the telescope is adjusted in thisit^^ , 
\u I , \}\\\ liy :,o doing the stadia are read at a glance, ^'^ ^ 
loi till- intermediate stations it is not necessary to read ^ 
;i>.i;il h.'iii .it all ; siru:e the stadia hairs are equidistant fj^^y^ 
it, thr iiH-.'in of the two readings will be the reading oi ^ 
Jixiiil hair. It is advisable, however, at the turning points 
iciid tli(r ;jxial hair as a check. 

.So//yr' M'Mtcrs advise ducclm^ tW ^^mN. \\alvt \.^ >^"ii.^a:P' 
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height on the staff as the height of the instrument above the 
ground or peg ; the value of B or B' will then be the differ- 
^'ice of level of the two stations. This plan loses more time 
^n observation than it saves in calculation. 

Auxiliary Work 

Especially with beginners there is a liability to make a 
"misreading of the horizontal limb with the intermediate 
^^ghts, and where the work is very particular it is advisable to 
^et an assistant tape from point to point. Mistakes are 
generally in even degrees, which would at once be shown 
•^y the check lines. Taping also comes in very handily 
where instrumental sights are only practicable at long 
i'mtervals. 

In a topographical survey of a portion of Windward Hawaii, 
Sandwich Islands, the author adopted the following plan for 
the ravines. These great gorges, locally termed gulches, 
^e^e sometimes a quarter of a mile wide, and the side slopes 
varie<l in height from loo to 400 feet and in angle from a 
precipice to 20°. The growth of running shrubs, matted 
lerrif^^ and ironwood was such that in one place it took two 
nours to obtain a single sight. Half an hour was a very 
^^^q^uent delay. 

The instrument was set up on one side of the ravine and 

^^^ staff-party remained on the other. They consisted of a 

^^^^- holder, clinometer man, and two axemen. All four 

h^^ axes, and the first thing was to clear for a sight. When 

^"^ first point was fixed, the slope was measured and a sub- 

sid^iei^ry tape- traverse was run just wherever the jungle was 

penetrable. The lengths varied from 10 to 50 feet and the 

total tape traverse sometimes extended to several hundred 

leet. Each tape measurement was aligned by the prismatic 

^^itipass, levelled by the Abney level, and the slope taken 

^V> and down with the clinometer. As soon as the staff- 

P^y reached a place practicable for a clearing, all four 






1 7 2 Preliminary^ Survey 

would fall to with the axes again and a fresh point would be 
111 us determined from the instrument. The established points 
were first plotted, and then the tape traverse plotted on 
tracing paper and squared in with them ; the coincidence 
was generally very close, except where the magnetic devi- 
ation was great. 

When the staff-party reached the limit of instrumental 
range, a fresh station was selected on the same side of the 
gulch by means of a backsight with a second staff taken to the 
station just left, and also check sights to any of the stations 
on the o])posite side where the clearing had been sufficient 
to put in a flagpole visible from the new station. There 
was in this way a subsidiary triangulation by which to 
eliminate error, and great accuracy was obtained. 

\Vhen one side of the gulch had been surveyed, the 
staff and instrument changed sides and the latter occupied 
the stations in the clearings, the staff party repeating their 
modus operandi on the other side of the gulch. 

When the surveyor is in good practice with the tacheo- 
meter, he will very rarely make a misreading, but it is alvrnp 
a very useful check to let the staff-Jiolder carry a passometer 
{uot a pedometer) and lu)ok it at every station ; this he can do 
while the slight is /n'ini^^ taken witJiout ifnpedifig tlie process. 

Reduction of the Traverse 

The method of latitude and departure has this advantage 
that protractor work is replaced by square scaling, and the 
position can be determined in the field at any time whether 
for the purpose of a check measurement to some known 
object or for the assistance of the observation for azimuth. 
When no tables or slide-rule are at hand it becomes a ver)' 
tedious process and is not often resorted to. 

Chambers's Mathematical Tables give difference of lati- 
tude and departure for every single degree and for each foot 
of distance u\) io 300. The ;xcX\i^\ <X\^x^Tv.cvi'^ q< z. ttaverse 
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rarely exceed 600 feet, so that the latitude and departure 
^n be very readily booked from these tables, if close accu- 
racy is not required, especially as it is generally possible to 
arrange the base lines so that they come for the most part 
^n even degrees, by waving the staff-holder to the right or 
left Until he comes to the nearest degree. 

With the slide-rule it is done in the following manner : 
Inrst. Reduce the bearing to its equivalent azimuth by 
T'able XVII. (which should also be pasted on to the slide- 
rule). 

Second, Find the difference of the angle thus found from 

9*^°, i.e. the complement. 

Third, Place the initial point of the sine-scale under the 

distance on the rule, and read off the latitude opposite to 

the complementary angle and the departure opposite to the 

^ngle. With small angles it will give the nearest tenth, but 

^^ith larger angles the nearest foot. 

Example. Find latitude and departure of base line 

^■^ y\\'\n fieldbook, p. 182. Bearing 347*03°, dist. 258. 

("The distance must of course be taken as reduced to the 

horizontal, which is equal to dist. x cos vert, angle or else 

W Table XXIV.) 

The azimuth will be 13*97° N.W. and its complement 

76*03°. Place the left hand i of the sine-scale under the 

^SS of the rule, and opposite to angle 13*97° will be found 

"2'<i. feet and opposite to 76°, 250 feet. 

^0 reduce the difference of longitude and latitude thus 

jo\€-nd to true longitude and latitude from Greemvich by 

Tables XXV. and XXVI. 

This is useful for astronomical observations and check 

points. 

Example 

Started on January i in long. 157-582° W. 
„ „ lat. 21-45° N. 

Total northings for the day's run 33,425 feet. 
„ westings „ „ 1 7^295 » 
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Northings in miles by slide-rule 6'33, multiplied by 
!))■ slide-nili;=s'sz' of latitude N, 

Westings in miles by slide-nile=3'z7 ; multiplied bj 
=301' of longitude W. 

Posilion Oft January 3 : 

Long. 157° 3''3' + 3'oi'=iS7'' 34-31' W. 

Ijt. 21= 27' + 5-52'=2i" 32-52' N. 

As the maritime and geographical positions are given i 
degrees, minutes, and seconds it is more convenient t 
retain the old notation for that purpose. 



TAliT.K XXIV.' —Diffcremcbctsicn hypotenuse and base in/cel per kiiii- 
dred /eel of Aypultmne, for sloping ground. {A'iWif.— This should 
lie markcil on the vtriical limb of ihe transit ; on Y (heodolites ii 
usually ii!.) 
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Levelling 

The elevations of the staff- stations are ohtained by firsti 
determining the elevation of the optical axis of the inslni- 
ment from some bench-mark ; in other words the height 
of the centre of the trunnion of the telescope above any 
Vnown or assumed datum. From this elevation the eleva- 
tions of all succeeding intermediate staff-stations and the 
next instrument station are determined by calculating the 
I vertical component of the direct distance, and adding to or 
deducting from it the height of the staff from the ground to 
where it is intercepted by the axial hair of the telescope. 

Whether at the commencement or at a turning-point, 
the elevation of the optical axis is obtained by a backsight, 
^°^ all other sights are foresights. The elevation of optical 
^*'s is henceforth termed O. A. to distinguis\\ '\l ^to-Ki x\\e 
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height of the instrument itself above the peg over which it 
stands, which will Ixi called H. I. 

This latter needs a separate column because it is an 
independent check. The elevation of instrumental station 
will he signified by E.I.S., and that of the staff station by 
E.S.S. The direct distance will be marked D., the hori- 
zontal comiKDncnt H. C, and the vertical component V. C* 

The Backsight 

The elevation of optical axis, O. A., is obtained by the 
following formulae : 

a. When the vertical angle is one of elevation, which is 
termed phis, O.A.=E.S.S. +B.S. — V.C. 




Fk;. 4^. Fig. 47. 

b. When the vertical angle is minus^ O.A. = E.S.S. + B.S. 
+ V.C. 

The elevation of instrumental station E.I.S. is obtained 
in either case by deducting H.I. from O.A. It is needed as 

a check from the next station. 



TiiK Foresight 

The elevation of any intermediate staff-station, or of 
the next instrumental station, is obtained by the following 
formuhe : 

• Sec also remarks on adjustmeni of axial hair to saire height as 
thai o/" instrument, p. 174 al fool. 



F^''*7^ 



v» 
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^77 



(a) When the vertical angle is plus, E.S.S.=O.A. +V.C. 
- F.S. 

(^) When the vertical angle is minus, E.S.S.=O.A.— 

V.C.+F.S.). 

In these figures the staff is shown vertical, and the instru- 
cient not anallatic, but the rules apply to whatever method 
5 adopted of obtaining V.C. 




Fig. 48. 



Fig. 49. 



The first operation backsight A to /.\is reduced thus 

E. S. S.« 122-12 

+ B.S. 5-28 



127-40 
~V. C. 22-34 

O. A. = 105-06 

The second intermediate sight A to A, thus : 

O. A. = 105-06 I -63 V. C. 
-(V. C+F. S.) 4*39 2-76 + F. S. 



E. S. S. 100-67 

The foresight A to B, O. A. =■- 105-06 11-96 V. C. 
-(V.C. + F.S.) 17-48 5-524-F. S. 



E.S.S. 87-58 

It should be remembered that there may be a fall with 
L plus angle when the staff-reading is greater than the V.C, 
)Ut never a rise with a minus angle. 

The last backsight here agrees exactly wifti iVi^ ^oxe,^\^^.^ 
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t if there is a discrepancy exceeding the working limit of 
i^nracy the sights should be repeated ; if they only differ 

a small amount, such as one or two hundredths, for close 
'elling the mean should he taken for the O.A. of the new 
ttion. 'I'he accuracy of the levelling never can equal that 

an ordinary levelhng instrument, inasmuch as there is 
vays a liability to error in the measurement of the distance, 
lictwise the accuracy would be the same. Error in the 
rtical angle is more or less present with the intermediate 
thts ; but, in the back- and foresights, it is eliminated by 
e precaution of making each observation in duplicate, 
;;e r^ht and face left, and taking the mean angle. This 

done by releasing the parallel plate, and rotating the 
tescope i8o° ; then, revolving it in its trunnions, the 
^asnreraent of the vertical angle in the reversed position 
11 reverse the index error if any. This should be very 
tie in a day's use of the instrument, if it has been properly 
SJtisted in the morning as explained on p. 313. 

?Xe importance of this operation for eliminating index 
'*»■ cannot be overstated. It should never be neglected, how- 
*■ rapid the rate of march. 

Thus, if the verrical angle from A to B was 2° 13' 20" 
^n the vertical circle faced to the right, and in the 
^>^ed position 2° 14' 40", the true vertical angle would 
=>• H'. 

^The value of the tacheometer for long sights and great 
^*'ences of level is a cardinal point, but it must be re- 
'^ibered that the accuracy is in opposite ratio both to 

<iistance and the height. The writer has obtained a 
^fence of elevation exceeding a hundred feet in one shot 
-'^'/y, the oblique distance being between 300 and 400 feet, 
■ that cannot be relied upon with a tacheometer any more 
■*i long shots with the level. The surveyor should there- 
^ keep to short sights for the centre-line of his survey if 
***ing a railway traverse, but the outlying poinXs, ^mAv ■as 
*^gq &c., can bt put in with longer sights. 
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In working out intermediate sights by slide-rule, or in 
checking the back- and foresights, the following short table 
will serve to show where the decimal point will come in the 
result ; for instance, in the backsight A 7T\ the angle is 
nearly 5°, and the distance nearly 250, so it will be at once 
seen that the result on the slide-rule is 22*34, and not 2*23 
or 223*4. The list of multipliers and other factors on the 
back of the Mannheim rule is not of much use to surveyors, 
so it is best to paste them over and write a table such as 
this one ; the rules for back- and foresights on pp. 180, 181 ; 
the table of square-roots of small decimals given on p. 250 ; 
and some others in this book, in the place of them. 

Table XXVII. — Sines multiplied by various distances. 





Degrees, 

minutes, and 

seconds 

0° o'36" 


Sine angle 


1 

1 

\ Sine angle 


1 

Sine anele 


Degrees 


multipled by 50 


multiplied by 250 multiplied By 750' 

1 


•01 


•0087 


•043 


•13 ' 


•OS 


0° 


3'o" 


•0436 


•22 


-65 


•10 


0° 


6'o" 


•0872 


•44 


1-31 


•20 


0° 


12' 0" 


•174 


•87 


2-62 


•30 


0° 


18' 0" 


1 -262 


1-31 


3*93 


•50 


0° 


30' 0" 


•436 


2*lS 


6-55 


75 


0° 


45' 0" 


1 -65 


3-27 


9-82 


I^OO 


1° 


o'o" 


•87 


4-36 


13-09 


3-00 


3° 


o'o'' 


2-6i 


13-07 


39*22 


5 -GO 


5° 


o'o" 


436 


21-80 


; 65-37 


7 -GO 


r 


o'o" 


6-09 


30-47 


91*40 


lO-QO 


10° 


o'o" 


8-68 


43-41 


130-23 


15-00 


15° 


o'o" 


12-94 


64-71 


194-13 


20 -oo 


20° 


o'o" 


17-10 


85-50 


256-51 


2S*00 


25° 


o'o" 


21-13 


105-65 


1 


30*00 


30° 


o'o" 


25-00 


125-00 




35 •OO 


35° 


o'o' 


28-68 


143-39 


— 


40^00 


40° 


o'o" 


32-14 


160-69 


— 


45-00 


45° 


o'o" 


35-36 


176-78 




50-00 


50° 


o'o" 


3«-28 


191 -41 


^ 


55-00 


55° 


o'o" 


40-96 


204-79 


— 


60 'OO 


60° 


o'o" 


43*30 


216-50 


'■ 1 



Referring back to the two first sights in fieldbook, p. 1 82, 
to multiply sin 4° 57' by 259. Place a t of the sine-scale 
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under 259 of the rule, then opposite to 4° 57' will be found 
223, which by reference to Table XXVII. is seen to mean 
22*3. The slide-rule will only give the nearest tenth, but as 
it is a backsight it ought to be worked out from a table of 
sines and tangents. If in the office, Crelle's tables, which 
give at a single inspection the products of three figures by 
three figures will be found of great assistance, and this is as 
close as it is necessary to go. For intermediate sight AAj, to 
multiply sin 22' by 254. Place the fiducial mark for minutes 
on the number scale of the slide, under the 22 of the rule. 
Then opposite to 254 on the slide will be found 163, which 
by inspection of the table will be at once identified as 1*63 
feet. 

If the elevations are required in metres, the staff must be 
graduated also in metres, but the operation is the same. 

Contouring 

The elevations of suitable points having been determined 
in the foregoing manner, the intervening ground may be 
topographically represented by dotted lines of equal ele- 
vation called contours, in precisely the same manner as 
described on p. 61. It is well to distinguish contours which 
are drawn between two fixed points from those which only 
depend upon a slope taken from one point, the former being 
naturally more reliable when the distances are not great. 

Profile 

The profile, as it is called in America, or section, as 
termed in England, is produced from the contours, which 
are drawn sufficiently close to enable the elevation of each 
1 00 feet station to be judged to the nearest foot by the eye. 
The gradients are first fixed approximately. In Fig. 50 for 
instance, a suitable place was found about a mile up the 
gulch for a horseshoe curve. Crossing the river at a 
suitable height would leave a gradient of about i per cent. 
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f.-jllif!'/ or. v/.ri sides, 50 1?. to ma»t the rising bottom a ftc 
'^'u\f.\i. 'J fiC n'j>;t fjiJtTnzirjn wx, cJicn co mart o5aisai| 
*v':rv roo f';et the ijO.-iiion where ±.e znidier.: :n:cr?ea5tbft 
■.i;rf;jr':. 'I Ken with railway sweeps a rriil Iir.e is criTfnXo 
p;j-.'. ;i . ri':;irly as fx^^sirjie through these p-oints. havir^gduc 
r^■^^'lrd to cu nature. In a case like rh:s. where :he line is 
Io';itr:rI on ihc side of a hill, the whole of the line muslbe 
thrr;wri into r;utting, except where the slope is fiat enough to 
.iriiiiM rjf c'in}>ankrnent. 

III. n^-arly always cheaper to take out a cutting, even in 
fork, th.'in to l>uild up a retaining wall WTiere this latter 
(u\\T',c licr.omes nerjessar}-, it is usual to bench the hillside 
and liuild 11 [> r;ro.ss- logging, jointed at the ends with axe- 
Mii-., t<rni/:d in America cribwork. In other places it is 
friiind rhcaj^er and other^'ise preferable to build a wall 
iti dry nibble, but, apart from the question of expense, 
llirr.i- irrr:tir>ns arc liable to destruction from wash-outs 
and tU-<:\y, and a little extra expense in cutting is more 
rr-onriniir al in the long run. 

Whrii ihr lr)r:atir>n is on tolerably even countr)-, the trial 
lm<- '.lioiild aim at equalising the cuttings and embankments, 
makinj', flicnj all as short as possible. When the line is on 
jiyil jMound subject to floods, it should be placed entirely 
in inibaiiknicnt, so as to keep it above highest known flood- 
l«'vrl, wilb fretiuent openings for letting off the flood waters. 

TIh- details of curvature should all be written up on the 
plan, for which see j). 217. 

In [>lotling the |)rorile, one man should take the plan, 
Willi roiiiours and trial line drawn on, and another man the 
nih'd piolile j)ai)er, which dispenses with all scaling. The 
liii.i ihcn reads out the hundred-foot stations, and if neces- 
:;aty, intermediate points with their elevations, and the other 
|)lol:i lliem. Thus: station 200, elevation 354; station 201, 
elevation .553 ; station 202, elevation 350^; station 202 + 10, 
.^y», and so on. 

I«'i;^. 5?; is a skeU*!^ from \wemorj o^ Ckw^ of the Hawaiicw^ 
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Miches, and is merely intended as an illustration of the 
'"'Hhod. The scales are sufficiently given by the centre line 
^ the location and the profile. The sharp curve of 40° 




^sms% 




(i46'2' rad.) on the right of the figure was frequently resorted 
to either to turn the head of a gulch, or to cut through a 
rock -spur as shown. 

Tacheometric Curve-Ranging 
Curve-ranging is performed by tangential angles with 
the tacheometer on the same principle as by the transit and 




<Aain,with this exception. Measurements by the chain are 
necessarily repetitions of a short chord round the arc of a 
orcle, whereas measurements with the tacheometer are each 
"f them an independent chord, as shown on ^\%- =,\, -nViCxc 



l»4 
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i is the 1S.(-. (Ix^inning of curve) and AB the tai^ \ 
pruducL-d; Jl,„ A.ju A„„ &c., are each of them rays from the 
instrument, which maj- be either chords forming equidistant 
imints U[>on the cur\-e, in which case every radius demards 
a different series of tangential angles, or else they may be in 
decimal parts of the radius, which is the method shown on 
Fig. 51. U'hatover the curve may be, points upon it can 
l)c at onre determined from the following table. 



'3 ! 37J 3J 



50 


■4'48 




l2 


15-07 








IS*? 


■is 


ivoo 






57 16-56 


58 


l7->6 
1 7 '46 



1776 
IS-06 
1836 
18 '67 . 

18-97 ■ 



Let us suppose that the bearing of AB is 360', and wevfis 
to set out a curve of 5°, that is of i, 146ft. radius in choiy 
of about looft. If ii4-6ft. is near enough, we will take t* 
tens and begin with 2°-87, but if it be necessary to cof* 
closer than that, we should take 9, 18, 27, &c,, and be0 
with a'sS", which would give us for a first chord to;,i4 
'I'ljc one in as simple as l\ve o6\« \i'j Vtvt aWAe-tnl*;. 
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i€t us suppose that we take the 9. Place the right 
I of the slide under the 1,146 of the rule, and read off 
irst dist. 103ft. under the 9, and set the instrument at 
1. Put the staff-holder in line, and make him take 37 
lary steps forward. Keeping him in line wave him back 
rward by the Morse ' B ' or * F ' signal until his staff re- 
5 the distance by the stadia-hairs, and then put a stake 
2lamp the instrument at 5° '17, and read off the distance 
)site to 18 on the slide-rule= 206ft. The sub-chords 
D, 10-20, 20-30, 30-40, &c., lengthen as the curve is 
ed, but that is quite immaterial for a preliminary 
ey. If A- 10 were 103, 70-80 would be 109ft., and 
fo would be 107-^. 

\ny labourer of average sense will learn to step each 
mce within a yard, and the time occupied in ranging 
in line and moving him back or forward is no longer 
I that of the ordinary curve-ranging. 
This method is quite suitable for ranging the permanent 
re-line of a railway where great precision is not 
ired. 

^y leaving a mark at A the instrument can be shifted 
ly one of the points on the curve, and directed to the 
ent. For instance, if it were desired to set up the instru- 
t on the tangent at point 80, of which the tangential angle 
;°*58, we should clamp the parallel plates at 23°-58, and, 
rsing the telescope, direct it by means of the external 
on A. Then, reversing it back again with the external 
clamped, release the parallel plates, and set the vernier 
7°*i6, which is twice the tangential angle, or in other 
is the angle of deflection, and the instrument would 
I be on the tangent. 

[t is even more advantageous to keep the curve-ranging 
rue astronomical bearings when on preliminary survey 
1 when on construction, but the manner of doing so is 
sidered in the chapter on curve-ranging. 



186 Preliminary Sun^y 

Mm'Hoi) OF Ranging a Curve to Finish at a Giva 
Alignment without Shifting the Instrument^ 

It frequently happens that the chaining of a trial toe| 
in order to obtain the topography sufficiently to locate 
best cur\'e would involve a great deal of labour, audi 
would run a very small chance of being the final one. It' 
is possible without shifting the instrument to locate a curve' 
upon the ground which will pass through any given points' 
and terminate on a given alignment without chaining. Let 
us suppose that a tangent has ended upon the edge of a 
ravine, and it is desired to lay out a horse-shoe curve which 
will follow the slope of the hill ; turn the head of the valley 
with a trestle, and, skirting the opposite hillside, terminate 
in a parallel to a boundary of some property which could 
not be interfered with except at considerable cost. Any 
other circumstances may fix the direction of the final 
tangent. If there are no obstructions such as the one in 
I lie figure, the tangent will be chosen to suit the ground, 
and in the nearest direction practicable to the objective 
point of the railway. 

The surveyor-in-chief will leave an assistant at the 
transit, and proceed to the neighbourhood of B. He will 
then fix upon a suitable direction for the final tangent BY, 
and measure its magnetic bearing with the pocket altazimuth 
described on p. 321, or by an ordinary prismatic compass. 
Knowing the variation of the compass by previous observa- 
tions, he then reduces the bearing to an astronomical 
bearing, and telegraphs it to the transit man by means of a 
flag. See Flag-signals (p. 93). The transit-man then works 
out the deflection angle D, and tangential angle T, which 
is equal to the angle XAB, and setting his instrument to 
AB, gives the surveyor-in-chief the E.G. point B. It is 

' Before perusing the fi^llowing, the student should read the chapter 
on curve-ran^in^. 
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possible that B may fall considerably more to one side than 
was intended, so that it would be necessary to prolong 
or shorten the tangent at A. It is possible also that, after 
locating D, it may not be the best place for the trestle 



1 




Fig. 52. 

Preliminary Calculations and FormuU?. 

AB= 700 feet. 

D =149-48= AC B. 

T = 74*74= BAX. 

Rad=AC= - ^®^= 362-8 feet 
2 sm T 

'^- = XAD=37-37° 

2 

AR 
AD=- ^ --=440-4 feet 

2 cos - 
2 

AB=2R sin T 



^^^ther of these eventualities need necessitate a change in 
^^^ direction of BY, but merely in the position of A and 
^> and the radius of the curve. Assuming that 11 is a 
Citable point for the E.G., the staff is held there, and the 
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I ran -oilman iiioasuros ihe length of AB by the stadia, and 
u!c-:ra;^hs ::. Ho then works out the radius and AD by 
;iIh»\c !\.^rmiiUv and telegraphs them. The surveyor-in- 
ch ict" i\wn iimsidors whether the radius is a suitable on^ 
i»r \\!u:':ur. by moviuL^ his final tangent a little, he can 
obi.v.n eiiher a longer radius, or one which corresponds to a 
more >imple decree of cur\e, or one which is on better 
ground, and. if neoessary, telegraphs back the radius whidi 
he desire>. In ihe illustration, the radius being 362*8 (eetj 
M\\\ a wr curve having a radius of 359*3 feet, he would 
telej;raph back simply 16, and place his staff for fresh 
alignment abom 7 feet nearer to the transit. The transit- 
man will :hen work out AB afresh=2 X359*3 xsin T= 
f>03 3 teei. and Al)=43(r2. The chief surveyor will then 
first drive a stake at the E.C'., and then, proceeding to D, will 
net his alignment and distance from the transit-man, and, it 
suitable, drive another stake at 1) marked apex. 

It may be advisable to know the difference of level 
between A and 1 ). to determine the height of the trestle 
before finally selecting D. This the transit-man will do by 
a foresight, as described on p. 1 76, and if necessary tne 
( hief surveyor will take one or more trial points above or 
below I ). Since he is possessed of all the data of the curve» 
he can with the slide-rule plot the curve on a sketchboii^ 
and alternative curves above or below I), if he pleases. 

When the 1^.C.\ and ai)ex points have been satisfactof^^^ 

fixed, and stakes driven, the chief surveyor returns to ^1^ 

transit, during which time the transit man has worked ^ - 

the data of the curve, and is ready to range it in the meth^ 

described on p. 1 83. 

'i'he particulars of this fieldbook will be better und^ 

st(xjd after reading the t:hapter on curve-ranging. 1"**^. 

column ' <:hainage of,' is so marked for simplicity, althou^ 

the chain is not actually used, 'i'he columns of subtange:^^^ 

and ai)ex distance are not filled in because, the curve rf ^^ 

})c'ing run to intersection, il '\v> nctiOXvi^^a \.o caicvilaLte them. 
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But little is said in Chapter IX. about the various types 
of tacheometer which are before the public, many of them 
«ell worth description, and but little has been said here 
about the method of using the stadia-rod vertically. The 
formulse for cos' and cos x sin are only tabulated for the 
centesimal degree in a somewhat bulky form, published by 
Cuartero of Madrid ; they can be obtained through Messrs. 
Troughton & Sims. The method given in these pages 
'Squires nothing more than an ordinary table of sines and 
•cosines, and the writer has proved its accuracy by consider- 
able use of it. Upon the Hawaiian survey, a section of 
^^■^enty miles of railway included a little over one hundretl 
'"^vines of sizes varying from a hundred feet wide by fifty 
^^^t?, to a quarter of a mile wide by four hundred feet 
^^p. The intermediate survey on level ground 'between 
^^ ravines was made with the transit, chain, and level, by 
Separate party in the usual manner. The large ravines 
'^*"e all surveyed with the tacheometer, and frequently 
^ere two ravines were close together the intcrveniug 
^^*^\ind was also surveyed and afterwards checked with the 
^^Ults obtained by the chain party. In many cases the 
^e party used the stakes of the other as reference 
**^rks both for distance and elevation, and the aci'urai;y 
^^ the stadia work was on the whole decidedly greater 
tnan that of the chaining. The space of thi.s work does 
^ot admit of dwelhng exhaustively upon many di£ri;re.ivt. 
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methods of doing the same thing ; the one given here is the 
simplest. 

The following are the conclusions of Mr. Lyman, in his 
paper, read before the Franklin Institute in 1868, on the 
experience gained by him from the Schuylkill topographical 
survey, United States of America. 

T. That the additional lenses and complications adopted 
by Porro, to cause the centre of anallatism to fall in the 
exact vertical axis of the instrument, were needless, as the 
inconvenience from adding to every distance observed a con- 
stant quantity equal to the sum of the focal distance of the 
object-glass, and the distance of that glass in front of the 
vertical axis, rarely exceeding i foot, is comparatively trifling. 

2. That three horizontal hairs or wires are sufficient for 
all purposes, as the reading of the middle wire affords suffi- 
cient check on the other two ; that fixed are preferable to 
movable wires with protected adjusting screws ; and that 
the fixed wires should be so set that the visible height on 
the staff* intercepted between the middle and either outer 
wire should bear some exact ratio to the distance such as i 
foot to 100, thus avoiding calculation. 

3. That the staff* should be graduated to hundredths of 
a foot. 

4. That in combination with the above arrangement, a 
telescope magnifying only twenty times and reading to the 
200th of a foot at a distance of 660 feet, will produce results 
as correct as those of Porro's larger and more complicated 
instrument. 

5. That the errors arising from spherical aberration may 
under these circumstances be neglected in angles of less 
than 10° on either side of the focal axis. 

The only point in which the writer's views diffier from 
those of Mr. Lyman is in the power of the telescope 
necessary to produce the degree of accuracy named : ^ J^ of 
a foot at 660 feet distance. That he maintains is only pos- 
siblt with double the power specified by Mr. Lyman. , 
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The Plane-Table and Stadia 

The plane-table itself is described at p. 319 ^/ seq.^ but 
when used in combination with a distance-measuring tele- 
scope it becomes an instrument of much greater value. 
The simple sight-rule is developed into a heavy brass 
ruler termed an alidade, to which is attached a telescope 
usually of 10 inches focal length, furnished with stadia hairs. 
Instead of having to fill in detail with taping, pacing, and 
sketching, it is all done with the stadia telescope. The 
main triangulation still forms the basis of the work, and 
occasionally the stadia work itself is checked by supple- 
mentary triangulation. 

The levelling is done in the same way as with the 
tacheometer. The essential difference between the two 
methods consists in the absence of a graduated horizontal 
limb in the alidade, so that when traversing, the accuracy 
depends upon the back and forward ray with the. alidade, 
which are transferred directly to the map. The transit and 
stadia are superseding the plane-table and stadia in America. 
The reasons for the writer's preference for the plane-table as 
an auxiliary and not as a universal instrument have been 
stated on p. 35, but it may be added here — 

1. The plane-table is not equal to the tacheometer in 
wooded country, because triangulation is often imprac- 
ticable. 

2. It is not so suitable where only short bases are 
possible. 

3. It is not suitable to rainy country. 

4. It is not suitable for putting in railway curves. 

5. It is more awkward to handle. 

6. It is not so well adapted to astronomical obser- 
vations. 

An engineer does not want to over-burden himself with 
instruments, but seeks a maximum of efficiency^ portability^ 
nd economy. The tacheometer will do all thai \.Vv<^ >^\^xvr.- 
- ,' ■ ^ 
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table used as a universal instrument will do ; it will do 
most things better, and the peculiar cases in which the 
plane-table is superior are not of sufficiently frequent occur- 
rence to a man in general practice to make him choose the 
instrument. 

Rate of Execution 

The Hawaiian survey previously alluded to was an 
example of as rough a piece of country as could be found 
anywhere. The average rate of progress was under half a mile 
per diem by two parties, one with the tacheometer and the 
other with transit and chain. The work included a belt of 
from 500 to 1,500 feet wide, a hundred ravines of more or 
less size, and seventeen plantation villages ; the whole being 
mapped to a scale of 100 feet per inch in order to show the 
contours at every five feet on the steep side-hill. The 
ravines were densely wooded, and most of the cultivated 
land was covered with sugar-cane standing eight to ten feet 
high. 

The greatest amount of work done in one day with the 
tacheometer alone was two miles. In that case the country 
was cleared, the cane was short, there were only two short 
ravines and one small settlement of about a dozen cottages. 

The little survey of Greatness Mill is intended to show 
the convenient manner of doing an awkward piece of work 
by the tacheometer. Everything except building detail was 
put in from the three stations A, B, and C, and in a few hours. 
The buildings were afterwards plotted on a tracing with the 
sketch board plane-table. Every check-line taken tallied 
exactly. The profile of the road was obtained from the 
sights taken to survey it. A photograph was taken at the 
same time somewhat in the direction of AJ3. In the case 
of a railway being made through such a spot as that, the 
information obtained would show — 

I. From the survey a depression of ground calling for 
a crossing by bridge or viaduct. 



3. The narrowest part of the water for a crossing. 

3- By the photograph the nature of the property to be 
interfered with. 

Mr. William Bell Dai^'son surveyed with the tacheometer 
and one assistant an area of 1 80 square miles, including one 
hundred lakes from seven miles long downwards, in 
five months. The object was to produce a map of the gold 




''^Ids on the Atlantic roast of Nova Scotia. The traverses 
E^nerally closed within an area of 20 to 30 feet radius, 
<^lf>5ing errors were further eliminated by independent 
^^Cks. The map was on a scale of two miles to the inch., 
Jj*^ used a 6-inch theodolite with stadia hairs and 
"■"chon micrometer. The total cost was about 3/. 1 \s. t 
square mile. 

A level should always be furnished with stadia hairs," 
^^ if it has a compass also contouring and small surveys 

'^ be often done with it of sufficient accuracy for the 
P'"T>ose, and so save bringing out the larger instrument. 
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CHAFl^ER VI 
CHAIN'SUR VE YING 

This department of survey practice n^ill be only treated in a 
condensed form to serve as a reference for the preliminary 
surveyor. In exceptional cases it becomes expedient to 
make a survey, measure an acreage, or range a curve with 
the chain or tape alone, or at most with the assistance of an 
optical square or cross-staff. The most frequent of such 
cases is where the time of the tachcometer party cannot be 
profitably employed on a solitar}^ piece of detail, and one or 
two hands are told off to fill it in with the chain only. 

A short description will also be given of the methods in 
vogue in America for running trial lines /or railway location 
with the transit and chain, together with a few notes on 
curve-ranging with the chain only, reserving for the next 
chapter the subject of curve-ranging with the theodolite. 

Chaining 

If chaining could be carried out with rigorous exactness, 
it would be possible to perform the whole survey with no 
instruments whatever, although it would be a lengthy affair, 
esi)ccially when the after^s'ork of levelling over the staked 
survey is considered. But there are also many essential 
difficulties which tend to produce error, and render chain 
surveys unsatisfactory. 

It is just because chaimng seextv^ ^o nw^ i\TK^\^ \3aa.tit 



is often relegated to inferior assistants, who do not study a' 
systematic method of performing their work, and errors 
frequently arise from the following causes : 

First. TTie liability of a poor chainman to 'drop a chain,' 
that is, to make a mis-count with the arrows. i 

Secondly. The tendency to measure on sloping ground | 
without making the proper deductions. ! 

Thirdly. The liability of the chain to being stretched byj 
tension, or to expansion and contraction by variations o£J 
temperature, all of which require regular attention, not always 
devoted to them. 

Fourthly. From twists in the map, due to incorrect tie- 
Uncs at the angles of the base lines. 

Fiftldy. From confusion in the fieldbook. 

On a level piece of ground, where the plot is drawn to a 
lai^e scale, such as 20 or 30 feet to the inch, the survey 
should be made with the transit and chain, as the maximum 
error should not exceed three inches. The tacheometer will 
not give this exactitude, and the chain alone is almost sure 
to develop twists. A survey of this kind, such as a town- ' 
district or a railway terminal depot, is out of our province to 
describe. The main distinguishing features about it are : 
First, a network of triangulation wherever it is possible to 
chain bases, or, combined with triangulation, a closed 
traverse. Second, a system of ordinates or offsets from the 
bases thus fixed to all the points required to be plotted. 

The same operation can be performed with the surveyor's 
compass, but the theodolite is much more precise in' the 
angular measurement. 

There are two or three methods of counting the chainage 
and it- is not of much consequence which system is used, 
but it is most important that the same system should be 
rigidly adhered to. The following method is recommended. 
~" e leader carries a ranging rod, and the ten arrows, with 

I forward end of the chain. The follower carries the 
t end of the chain and a clinometer ; he a\aci 'ha.^ -i. ^».1^ 
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attached to his button-hole. The ranging rod has a hand- 
kerchief or piece of paper attached to it at the height of the 
follower's eye. 

The leader drags forward the chain to the follower's 
direction, and hauls it taut. 

The follower shakes it up to get rid of kinks and 
curvature. 

The leader holds up the ranging rod, to get the final 
direction, and when fixed, puts the iron point through the 
handle of the chain to give the last stretch, and then puts in 
an arrow, and goes ahead. When he has put in his last 
arrow he runs out the next chain without an arrow, aligns 
it by the rod, and, leaving the iron point through the handle 
of the chain, signals to the follower to come forward -with 
the ten arrows. 

The follower first ties a knot in his tape to mark the ten 
chains, and then comes on, leaving the chain to be dragged 
forward by the leader when he has received his arrows. The 
leader then puts in one of the ten arrows at the rod, and pro- 
ceeds as before. 

When the slope exceeds a degree (or, if the greatest 
accuracy is required, at every chain) the follower books the 
slope, and at the end of the line sums up the corrections 
and deducts the result from the chainage. He stands erect 
and directs the clinometer to the mark on the ranging rod. 

Measuring by short lengths on a side-slope is very un- 
satisfactory ; it is difficult to keep the chain level, and still 
more difficult to plumb down exactly from the high end of 
the chain when rapidity is an object. 

A table is given at p. 174 from which the deductions 
from the chainage on sloping ground can be readily made 
for any given angle. 

Setting out a Square 

Let it be intended to lay off BD perpendicular to AC 
with the chain alone. Measure off AB = 3a feet Take thfr 
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10 mark on the chain to A and the opposite end of the chain 
to B. Put an arrow through the 40 mark nearest to B. 
Draw out the chain and shake it taut, so that the BD Hne 




which is equal to 40 feet, and the AD which is 50 feet, shall 
each be perfectly straight ; then because 3^ + 4^=5^ ABD is 
a right angle. Links of a Gunter's chain will of course do 
just as well, and any multiples of 3, 4, and 5, such as, 6, 8, 
and 10 ; 9, 12, and 15 ; or 45, 60, and 75. 



To Measure the Deflection Distance of a New 

Base Line 

This IS a problem of curve-ranging, but is needed also 
in all cases where closed triangles cannot be formed. 

Let it be required to find the deflection distance of BD 
from BC. Measure as long a base B^ as possible, align b. 
correctly with AB, set off bd square and measure it. If 
possible choose 100 feet or 200 feet for B^, put in a peg 




Fig. 55. 

with a nail at ^, and measure ^^ with a steel tape. BD can 
then be plotted direct from these data, or else the angle can 

be calculated thus : tan CBD = ^ . 

B^ 



The entry in the 
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fieldbook is marked R or L, according as the hew base line 
turns right or left. 

Another Method 

When the angle of deflection is great, it is better to make 
the tie-line by the chord of the angle. Measure B^ as long 
as possible and also ^d equal to it. The fieldbook should 




. I 



Fig. 56. 

show by a sketch how the tie-line has been taken. The 
distance bd should be measured with a steel tape, and the 
base can be plotted from the data, or else 

siniCBD= -^, 

In making a triangulation survey the aim should be to 
get as long bases as possible, and the triangles * well-con - 




Fig. 57. 



ditioned,' that is approximating to equilaterals. When the 
interior of the survey is partly inaccessible this is impossible, 



Chain-Surveying 



199 



and recourse has to be had to external ties like the above. 
When the triangulation can be made internally, a cross-staff 
is of great assistance. The handiest form is a brass octagon 
fitted with hair sights in slits. It stands on a short pole 
with an iron shoe, and only costs from 55. to 10^. The 




Fig. 58. 

advantage of the cross-staff will be seen by comparing Figs. 
57 and 58. It enables the offsets to be made up to 100 feet 
with the tape, and so diminishes the base lines. 

The fieldbook is arranged with a central column for 
distances measured along the base lines, and on the right 
and left are the offsets opposite to the distances at which 
they are taken, with remarks to identify them. The field- 
book is commenced at the bottom of the page. 



Left offsets 


Base ' 


Right offsets 




• 


18 

49 
68 

80 

98 

98 
105 

85 


B 
716 

587 

392 
382 
312 
190 
80 ' 


330 to C. 


1 

1 

1 

1 

t 


To river 


17 From 


A 
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Acreage 

llie area is divided up into triangles and trapezoids. 
The area of the triangles is obtained by either of the two 
following formulae : 

Rule I. To find the area of a triangle from the lengths 
of the three sides, a useful method when no perpendicular 
can be measured across the triangle. 

Let /7, /^ c be the sides, and x= their half sum ; A the 




area in square measure of the unit adopted, such as square 
feet area for lineal feet measurement of the sides. 

A= \^ > X (j —a) X (s—b) X {s —7) 

or logarithmically 

A=H^og .f+log(x— «)H-log(x-^) + (log s-c)]. 

Rule 2. To find the area of a triangle when any one of 
the sides and the perpendicular from it to the opposite angle 
are given. 

Let Bscbase, and P=perpendicular ; area= • 

2 

The area of a trapezoid is obtained as follows : 




h 




Fig. 6o. 



J^u/e 3. Multiply the sum oi x\ve v^x^^^viss. M ^^^ 
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perpendicular distance between them, and half the product 
is the area. 

2 
or logarithmically « 

Log 2 A=log(AB + CD) + log h 

To reduce areas in Gunter^s chains to acres. 

10 square chains =1 acre 
100,000 square links=i acre 

To reduce square feet to acreage. 

43^560 square feet=i acre 
I acre =4 roods 
I rood=4o perches 

Preliminary Work with Transit and Chain 

In running trial lines with the transit and chain, the 
curves, unless exceptionally sharp, are not put in. The base 
lines are measured, and staked from intersection to intersec- 
tion ; the angles measured, and the stakes afterwards levelled 
over. The vertical arc of the transit is not used unless 
when on a steep gradient it is desired to follow the required 
inclination, in which case the vertical arc is clamped to the 
corresponding angle, and the line run as nearly as possible 
to it. 

In America the leveUing staff is called a rod, and the 
ranging rod is called a picket. In running a line there are 
generally two picket men, sometimes only one. The transit- 
man sends out a picket-man in the direction which he 
intends to take, aligns the picket, and takes a reference sight 
to some good fiducial point. 

There are two chain-men, leader and follower, and one or 
more axe-men, who prepare stakes about three feet long, 
pointed at one end, and shaped on the other for a chalk mark. 
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The transit-man aligns the chaining by the leader's 
picket, and the axe-men put in a stake at every hundred 
feet, or at shorter distances where necessary. 

The chief engineer generally accompanies the chaining 
party in order ta select the ground. 

When the end of the base is reached, the picket-man, 
leaving a peg at the end of the base, returns to the instru- 
ment, and changes places with the transit-man to enable 
the latter to range out a new base. 

There are three methods in use for registering the 
deflection of the one base from the other. 

The first is the most common — see Fig. 6i. It takes no 
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Fig. 6i. 



account of the astronomical meridian and only uses the 
compass- needle as an occasional check. 

The field notes will explain themselves with scarcely 
any description. The instrument is set back to zero ever)' 
time ; the slopes of the ground, right or left, are either taken 
with the vertical arc of the transit or by the clinometer. 

Method 2 — see Fig. 62. The second method is by 
working out the magnetic or astronomical azimuths. If the 
former, it is sufficient to commence by making the zero of 
the horizontal Hmb coincide with the position of the needle 
when at rest. If the latter, the meridian must first be detcr- 
lecf by oriQ of the methods mer\\\oxvt^*vcv Ocnsk^vrx W. 
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. ^ Almost all transits are graduated from o to 360, so that 
^^^ method entails the reduction of the angle as explained 

^^ P- 59 \ it is, however, very well suited to plotting by 

*^titude and departure. 

Method 3. By bearings from o to 360 — see Fig. 63. These 

are now also commonly termed azimuths, though not, strictly 

speaking, azimuths unless taken from south as well as north 
point. Some distinctive term is necessary for these bearings. 
' Northerly bearing ' would express the first idea, but then it 
needs to be defined as to whether it is astronomical or 



'is 



Sto/S-fSO 




^itbO 



S 



fei 




Sta^1Z^06 



Jio/Sf^ec 



Fig. 62. 



magnetic bearing, which would be expressed by N. Ast. 
Bearing, or N. Mag. Bearing. 

If we are furthermore to be visited with a centesimal 
graduation in competition with the old graduation, we should 
require another letter or two of the alphabet to define our 
modus operandi. If the term * course ' could by universal 
consent be relegated to the magnetic, and * bearing ' 
reserved for the astronomical direction, both being kept 
solely for graduation from o to 360, whilst the term 
* azimuth ' was confined to what it strictly means, it would 
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simplify nomenclature ; but it is to be feared that the sailors 
would not fall in with the proposal. 

It is not necessary either in Methods 2 or 3 to measure 
the angles of deflection separately. They are only inserted 
here in order to compare one method with the other. The 
transit is fitted with two verniers, and when making a devia- 
tion the instrument is reversed and directed to the previous 
station, one of the verniers being set at the bearing of the 
line just run. This is called the backsight. The instrument 
is then again reversed so as to point forwards, and, unclamp- 
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Fig. 63. 



ing the parallel plate, directed along the new base-line to 
the picket fixed at the end of it. The bearing is then read 
by the other vernier, and booked. 

When two ' readers ' are provided, it is advisable to use 
only one, and at each change of direction shift it over to the 
other vernier. Before commencing work, it is of course 
necessary to see that the line of sight is in true corre- 
spondence with the zero of the horizontal limb as ex- 
plained in Chapter IX. It is also necessary to have an 
instrument in which the graduation is correct, so that the 
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headings of the two verniers differ by 180®, or in the 
^tesimal instrument by 200. When this is so, using 
the two verniers forms a check upon the readings. 

The slopes are put in by all three methods as shown on 
% 61. 



Circular Curve-ranging with the Chain 

Four methods will be briefly dwelt upon. . 
Method I. Krohnke's tangential system. 
This is a scheme for obtaining equidistant points upon 
a curve by laying out abscissae BB', BB^', &c., along the 




subtangent of the curve and setting off ordinates B' b\ ^" b'\ 
&c., to the required points. When the offsets become long 
the curve is bisected, each section treated in a similar 
. manner. Krohnke's tables of forty-seven pages are published 
for setting out curves of any radius by this method. 

Method 2. Jackson's six-point equidistant system. As 
in Krohnke's method, he obtains equidistant points from 
unequal abscissae, but by reducing the number of points to 
six he obtains a manageable curve and much shorter tables. 
They are given in his 'Aids to Survey Practice,- Crosby 
Lockwocfd & Co. 
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Method 3. The method given in Kennedy and Hack- 
wood's ' Curve-tables ' (E. & F. N. Spon) of equal abscissae 
and unequal distances on the curve. This is much more 
simple, and although, for purposes of construction, it is a dis- 
advantage to have points that are not equidistant, for prelimi- 
nary survey it makes no difference. The deflection distances 
are given for Gunter's chains in the end column of each 
table. 

It may be here as well to explain the principle of laying 
off deflection distances and to show how points may be set 
off from a tangent to any required equidistant points upon 
a circular curve. 

One of the fundamental properties of the circle is that 
equal chords subtend equal angles at the centre. It requires 




no demonstration that in Fig. 63, BB^ is = sin D x AB, or 
BB2 = sin (D + D) x AB, or that Bi^'= AB - AB. cos D, 
or BV/''' = AB - AB. cos (D to D''')- 

It will be presently shown in the chapter on curve-ranging 
that the angles D, D + D', &c., are each of them double the 
corresponding tangential angle given in the tables. 

Thus, supposing the radius 40 chains, we have a tan- 
gential angle for i chain of o® 42' 58'' = a deflection or 
central angle of i® 25' 56''. 

If we multiply the radius, 2,640 feet, by sin i® 25' 56'^, 
we shall get 65*985 feet as the co-ordinate corresponding to 
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a chord of i Gunter's chain, and by cos 1° 25' 56" we shall 
get 2,639*17 feet, which deducted from the radius gives us 
the offset -83 feet or 9-96 inches. The table enables us to 
find the tangential angle due to length of curve of any radius, 
and from this we can obtain the deflection distance in the 
manner just described. This will be better understood after 
reading the next chapter. In order to throw off a new 
tangent when the offsets become too long, we have only to 
go back two, three, or four stations and measure off from it 
the deflection distance due to its number from the last peg. 
For instance, if we wished to lay off a tangent at b"" we 
should go back say to b'" and lay off the deflection distance 
for 1, or to b'\ and lay off the deflection distance for 2 chains. 
We should also lay off from b^'" the abscissae = BB^ or BB*-* 
as the case may be, and this would be a true tangent at b""^ 
which we could produce and treat in the same manner as 
BB^ 

Example, The total curvature 1' of the crowning curve 
on p. 230 is 63^*6, and the radius 36*93 feet; it is required 
to put in equidistant points b'^ b'\ b'" upon the curve. Sub- 
divide A' into a .suitable number of parts, say 10, then D 
(Fig. 65) = 6^*36; (D + l)')=i2°*72 &c. BB»=36-93 x 
sin 6**36 = 4*09 feet. BB^ = 36*93 x sin i2°-72 = 8*13 
feet. B* ^'=36*93 (i —cos 6°*36)=o*23 feet. B^ /^''=36*93 
(i — cos 12**72) = 0*91 feet, &c. 

Method 4. The oldest and simplest plan for setting out 
curves with the chain is the only one which can be done 
without tables (see Fig. 66). 

The first point in the curve is found similarly to the last 
method, but the succeeding points are fixed by ranging lines 
B^^fl'; y^b^a^^ and so on, from which the offsets aH'^^ aH'^ 
will be each of them double the first offset a^b^. The first 
offset a}b^ is termed the tangential distance, because it is 
the chord subtending the tangential angle to a radius of 1 
chain. The succeeding offsets a^b^^ a^^, &c., are termed 
the deflection distances, because they are equal to the chord 

*m » W ' 
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subtending the angle made by the intersection of two tan- 
gents to the curve at the ends of a chain and to a radius of 
I chain (see more on nomenclature of curve-ranging at 
p. 214). 



B 




Fig. 66. 



The formula used in the field from which to find the 
offsets by this method is 



for tancjential dist. offset = 



chord ^ 



»> 



deflection dist. offset = 



2R 

chord 2 
~"R""" 



The chord may be i Gunter's chain in links, in which 
case the radius will be expressed also in links and the 
offset will be in links, or it may be in feet or metres or any 
other measure^ 

This formula is not quite exact for small radii. 

On a curve of 100 feet radius, the tangential distance for 
100 feet chord would be 5176 feet against 50 feet by the 
formula. At 500 the formula would be but '013 feet too 
little. So that for curves of 10 chains and upwards, set out 
with I chain chords, the formula is practically correct. 

The subject of curve-ranging with transit and chain is 
reserved for another chapter. 



209 






CHAPTER VII 
Curve-Ranging with Transit and Chain 

The subject of curve-ranging has been briefly touched 
upon in the previous chapter as far as it can be done with 
the chain only, but it was deemed appropriate to devote a 
whole chapter to the subject of curve-ranging with the in- 
strument and chain as being /ar excellence curve-ranging. 

There arc still those who prefer the chain only to any 
instrument for the purpose of curve-ranging. In the hands 
of experts, very correct results may be obtained in level 
country, but it would be interesting to know how the chain- 
curve-ranger would put in track centres on a 40° curve on the 
top of an embankment 30 feet high, the total deflection angle 
being 180°. 

To take it all round, curve-ranging with the chain only 
is, as compared with work by better methods, poor, fudgy, 
and muddling. 

Nomenclature 

The principles of curve-ranging are best understood by 
keeping in one's mind the idea of a ship's course at sea. 

In the previous chapter, it will have probably been 
noticed how the methods of running base lines with the 
transit and chain, especially Method 2 ^ resemble the deter- 
mination of a ship's course and position by dead reckoning. 

The angular changies of direction 33** 15' and 44° i' in 
Fig. 62 are- the angles of deflection^ and this is the very root- 
idea of curve-ranging. The internal angle between the tan- 
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ents of a cunc, commonly termed 1 in English teiobooks, 
forms no part whatever of the theory to be described here. 
It conveys no idea of the curve be\'ond the mere fact that it 
is the supplement of the angle of deflection. 

This angle of deflection may be either represented by its 
angular value or else by the difference of bearing of the base- 
lines, as in navigation. 

Curve-ranging may be defined as deflecting by degrees- 
It is for this reason that American sur\*eyors have adopted 
the curve-nomenclature by which the quickness or slowness 
of a curve is expressed by the number of d^jees of a circle 
which the curve^ not the chords deflects at each chain length. 

Thus a curve in which a loo-foot chord subtends i° of 
<:ur\'ature is termed a i -degree cun-e. 

The reason for this is obvious. When the total number of 
degrees contained in the deflection angle have been turned, 
the new base line or tangent will have been reached, and 
the number of chain lengths contained in the cun-e vi\\\ be 
given by simply dividing the total angle of deflection by the 
* degree of curve.' 

l^'or instance, if the total angle of deflection be if 22 
uid it is desired to put in a 2° curve, that is to say, a cune 
in which, if a chain length is measured along it, the tangents 
to the curv^e at either end of the chain length will deflect 
from one another by 2°, the total length of the cun-e will 

^>e'7.^^x 100=861 feet if a 100 feet chain is used, or 861 

2 

links if a (lunter's chain. 

Contrast this simple computation with that of English 
curve-ranging, where it is expressed as follows : 

I ,et .V be half the angle of intersection, and R the radms. 

Length of the curve = '000582 R (5400— jc). Nok:x 
must be expressed in minutes. 

The writer has not taken the trouble to ascertain whether 
this formula gives the true circular measure of the curve, ^ 
the i/»ca.surc in chains and vait^ oi ^ clWvcv. If^ as is pro- 
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bable, it i$ the former, it has not even the advantage of being 
correct, because curves are not set out by true circular 
segtiients but by short chords of chains or parts of a chain, 
and this is the principle of the American formula. 

The English formula is adapted to logarithmic calcula- 
tion, whereas the American is performed either by slide-rule 
or even in the head. 

The ordinary graduation of instruments into degrees and 
minutes necessitates the reduction of the deflection angle to 
decimals of a degree, as for instance where the angle is 
29® 47' 30" and the degree of curve is 6° 35' it requires some 
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Fig. 67. 

little calculation ; but by the author's system of decimal 
graduation of the ordinary degree, it is done by the slide - 
rule instantaneously. 

In Fig. 67, it will be observed that there are two angles 
marked A, and two marked d. The upper A is the angle 
of deflection of the curve and is equal to the angle at 
the centre subtending the curve, which is therefore also 
marked A. Similarly the ang^^df deflection of a portion 
df the curve of which the chord is 100 is=:</,and is equal 
to the central angle also marked d. There has been, and is 
still, considerable confusion of nomenclature in both England 
and Aincrica,4rom the fact that some writers insist on tertvv 
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ing the tangential angle B the angle of deflection because it 
is the angle by which the chord deflects from the tangent. 
This has been termed the tangential angle, at least from tbe 
first of Rankine's books on the subject, and is still so termed 
by the Ix'st authorities. There might have been some room 
tor choice in naming this angle, but it could not with propriety 
be termed the angle of deflection. 

The only apolog)- for spending so much time in this 
demonstration is that, unfortunately, writers of high standing 
have taken up this perplexing nomenclature. To put it con- 
cisely, the deflection of a curve is its actual change of direc- 
tion, or curvature, and those who adopt the >\Tong designation 
would have to describe a curve which had turned round 
a quarter of a circle as having deflected forty-five degrees, 
because the angle between the chord and the tangent (the 
tangential angle) would be 45**. The tenn * tangential angle' 
is used either for the angle for i chain of 66 feet or of 100 
feet or for the total angle, which is vague. The term * total 
tangential angle* should be given to that for the whole curve, 
and * single tangential angle ' for that for the unit of measure- 
ment. The term * total deflection angle,' and * single deflec- 
tion angle/ will similarly apply to those angles, the latter being 
the * degree ' of curve. 

One English writer, imperfectly acquainted with American 
curve-ranging principles, describes their nomenclature as *a 
confusion between the angle at the centre and the angle of 
, deflection,' from which it would appear that the writer was 
not himself aware that these angles were equal to one 
another. 

The tangential angle T, or 0, is equal to half the angle 
of deflection in circular curves. 

In America the straight is termed the fdilgent, and the 

prolofigaiion from the Springing .'f 6 iTie frit^f section i^ termed 

the subtahgenf. ' The point of intersection is So named, or 

else the vertex;' arid the midway point of the ctitve is called 

the 'apex/ or * crowning pomX,' 01 ' ^>\\ftxsv\\.' '^Vt Vawve is 




rlted B.C. at beginning of curve, and E.G. at end of 
Wherever a change of position occurs with the 

a 'hub,' or short stump, is driven in with a nail in 
Itnd a reference stake about three feet long close to it. All 
Other points are marked by long stakes haring their dis- 
pe chalked on them in stations of loo feet and their 
ESS. Thus 1,143 feet would bo marked 11 + 43. 
Only short curves arc run to intersection point. The 
pod of keeping the fieldbook herein described enables 
surveyor to range a curve of any radius, alter it, compound 
everse it, and calculate his position with reference to his 
ting point without running the curve to intersection. The 
(difference in this system from the ordinary practice in 
erica is that the lines are kept on their astronomical 
ring. It is a little more trouble when using the gradua- 
, of minutes and seconds, but no more trouble with the 
imal subdivision, and has the advantage of always 
rdinga ready means of defining the position and checking 
work. 

General Properties ok Circular Ctjrves 
The following demonstrations are amongst the most 
ill problems occurring in practice (see Fig. 68). 
Let the deflection or total curvature A be represented by 
i, the radius BO or OE, IB the subtangent, and lA 
apex distance. 
I. Prove that DIE=BOE. 

In tlie quadrilateral IBOE angles IBO and lEO are 
it angles. 

But the internal angles of any quadrilateral are together 
al to four right angles. 

Therefore angle BIE+angle BOE are equal to two 
It angles. 

But angles DIE+BIE are also equal to two right 
les; hence, equating and eliminating BIE, angle DIE 
ngle BOE. 
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2. Prove that angle IBE=M^or = ?P-^r=BOl 

2 2 

B01=E01 because A is at the middle of the cuive. 

1 BE = I EB because IBE is an isosceles triangle. 

The three angles of any triangle being equal to two 
angles, and it ha\nng been already shown that BIE+BOE 
=two right angles, therefore in the triangle BIE angles 
BIE, IBE, BEI are equal to the angles BIE+BOE. 
Equating, eliminating BIE, and setting IBE+BEI^alBE; 

2 IBE=BOE, or, which is the same thing, IBE=iDIE' 
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3. Prove that the subtangent BI=the radius BO ^^. 
tiplied by the tab. tan. of the tangential angle IBE. I^. ^ 
evidently proportional to the tangent of angle BOI, ^'"^^ 
angle we have shown to be equal to IBE. 

4. Prove that the apex distance 



IA = 



radius 



— radius 



cos IBE 
lA = 10 — AO, but by No. 5, p. 373 
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10^ 
BO 
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... 10 = — ?^ and BOI = IBE 
cos BOI 

whence lA = =— =^ — radius 

cos IBE 



General Formulae 

Let bk be the total deflection=20, the tangential angle ; 
d = the degree of curve or curvature in 100 feet chord ; R 
=the radius ; C = the chord subtending the whole curve ; 
S.T. =the subtangent ; AI = the apex distance ; L = 
length of curve in feet. 

R_ C _ C ^ 50 

.A 2 sin ' d 
2 sm— sin - 

2 2 

, ^ 100 sin - . ^ 

. a 50 2 100 sin 

S.T.= R. tan ; AI = — ^ - R 

cos© 

y 100 A . Ld? 

L =-— — ; A = — 
a 100 

We have now sufficient data for ranging a curve. 
Example i» The intersection point occurred at station 

753 + 34. 

The angle of deflection was 37® '9 16. It is intended to. 

put in a 5** curve. Required, the length of the subtangent, 

the apex distance, the length of the curve, and the chainage 

of the B. C. and E. C. points and the apex. 

The radius of the curve is found from the table p. 379 

^1,146 feet. 

Subtan = 1,146 x tan ?I— 21. = 393*7 

2 

-^^P^ ^^^- "= — r^^oiS ■" ^'^^^ = ^57 feet 
cos ^* ^ 
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Length of curve = ^^-9-^- x loo = 758*3 feet 

B. C. point = 753 + 34 - 3937 feet = 749 + 4o*3 
E. C. point = 749 + 40-3 + 758-3 feet = 756 + 98*6 

Apex point at 749 + 40*3 + ?^— ^ fe.et = 753 + 19*9 

2 

Lay off angle EIA Fig. 68= and measure off I A 

= 65-7 feet, and put a stake in marked * Apex, 753 + i9'9.' 
Measure the subtangent both ways, and put in pegs 

with nails, aligning them from the transit at the intersection 

point. Put in reference stakes marked B.C. 749 + 40*3 and 

E.G. 756 + 98-6. 

Shift the transit to the B. C. point and commence to 

range the curve. The first odd distance will be 597 feet ; 

the tangential angle for this will be 5- x 59_Z = i°-49. The 

2 100 

instrument is set to read this angle and a stake put in 

marked 750. The next angle will be 2°-5 (2^30') + 1-49 

= 3®*99, which is set off and a stake aligned and driven at 

another hundred feet and marked 751, and so on. After 

stake 753 is driven, at a tangential angle of 8°*98 the 

odd distance, 19*9 to the apex point, is set off, the angle 

being 2*5 x ^^ = o°'5o, or angle from the beginning 8°-98 
100 

4. -50 = 9° '48. This will be one-half the total tangential 

angle, or one-quarter of the angle of deflection. Both the 

odd distances to the apex and to the E.G. point are given to 

the chain-men, and if they do not coincide with the stakes 

already driven the chain-men either signal the transit-man 

the amount of divergence when small, or, if large, they 

return and report. If, for instance, they signal, E.G. point 

six -tenths to the right, the transit-man will signal back to 

them to come back three stations or four stations, and he 

will distribute the error over them. If he is constructing 

an iron trestle or a brick viaduct he will, of course, repeat 



-■■!\ .i 



t until there is no sensible error, but it would be 

an embankment or cutting, when the error 

a few inches. With ordinary care on the \):\n of th) 

Bit-man the error, if any, is nearly always in the chainagi 

~' ; following ficldbook is arranged for astr< 

. If the curve is run from zero point, the only dij 
ivill be that the entries in the bearing column wi 

3 with. The operation at a turning-point is 
s an example the first shift of the transit at Statii 



VSS' In the fieldbook on next page a picket-man is sent tc 
"le B.C. The instrument is set up at Station 755 t 
peg or ' hub ' with a nail in it, fised by the transit from thi 
B-C, With one of the verniers clamped at 29031 and l" 
Wescope upside down, a backsight is taken by means of thJi 
external axis upon the B.C. 



Descripiou of Cu/tv. 
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The external axis is then clamped, the telescope is reversed 
right side up, the parallel plate released, and the instru- 
ment directed to the tangent of the curve at Sta. 755 by 
vilh the same vernier the angle 304°-3o. Comparing 

^ 69 with the iJelclbaok we shall at once see \h?A as 'i\a 
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754 
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On new tangent 




1 
1 


37-92 


Check 



tangential angle from the B.C. to 755 is 1 3^*99, if we add to 
this an equal amount we obtain the angle of deflection, 
which laid off from Sta. 755 throws us on to the tangent. 
The following fieldbook is for the same curve, only 
turned to the left instead of to the right. 
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— I 37-92 276-32 , 266-84 1 257*36 
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Fieldbook, 




749 + 403 
750 

751 
752 

753 
753+i9'9 

754 
755 



755 248-34 

756 245-84 
756 + 98-6 1243-37 

4*97 



238-40 
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597 


1*49 


100 -o 


2-5 


100 -o 


2-5 


loo-o 


2-5 


19-9 

8o-i 


0-5 

2-0 


loo-o 


2-5 




_^ 



1-49 

3*99 
6-49 

8-99 

9*49 

11-49 

1399 




Remarks 



B. C. 



Apex 
Turning point 

On tangent at 755 
E. C. 

On new tangent 



In practice some of these entries are dispensed with, 
especially when in a hurry. It is however very bad policy to 
keep a fieldbook that nobody else can understand. If the 
columns are headed beforehand, or printed, very little time 
is taken up in making all the entries, and a great deal of 
time is saved to the reviser when the curve has to be picked 
up again at any point. 

In England, curve-ranging is not done with a fieldbook. 
Tables like those of Kennedy and Hackwood supply the 
tangential angles for curves of radii in Gunter's chains. 
The B.C. and E.G. points are marked usually with two re- 
ference pegs, one on either side of the centre peg and close 
to it. Some surveyors also drive two pegs at every ten chains. 
Jx)ng stakes like those driven in America, with chainage 
chalked on them, would be welcomed for firewood by the 
villagers in England. 

The American system of curve-nomenclature by degrees 
of deflection angle could be also used for Gunter's chains. 
The chord being expressed as 100 links, and the radius also 
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in links, the d^jees could be used just as they are in the 
tables, i.e. a curve of i " deflection angle per chord of loo 
links hns a ndius of 57*30 chains. Compare Table LIV. 

Cun*e- ranging is nearly always performed with a single 
theodolite. There is another method with two theodolites 
which dispenses with chaining ; it is rarely resorted to, and 
will not l)e further described than bv the remark that the 
location of points upon the curve is determined by the inter- 
section of two tangential angles from the two instruments. 
Thus if the two instruments were set up one at the B.C. and 
the other at the E.G. point in the fieldbook on p. 218 the 
first point at 750 would be formed by the intersection of an 
angle of i'"49 from the B.C. with one of i7°'47 from the 
E.C., &:c. The points are fixed by a picket held by an 
assistant, first in line ^nth one theodolite and then retreating 
and advancing along that line until in the line of the other 
theodolite. If the chain is not used at all, the curves had 
best be put in telemetrically as described on p. 183; but if it ^^ 
used at all there is no time saved by dispensing with it on 
the curves, unless in the case of a trestle across a steep ravine 
on a ver)^ sharp curve, especially if the measurement is i^^' 
peded by undergrowth. As such cases are exceptional it is 
not advisable to have the time of two transit-men taken up 
at the one spot on that account. 

An ingenious instrument has been lately invented by 
Mr. Dalr)^mple-Hay for ranging curves of radii expressed in 
Gunter's chains, but it could be easily modified for curves of 
any other radii. The principle is the adoption of an open 
and clear graduation in terms of tangential angles, by means 
of an extended horizontal arc. The index of the limb for 
a curve of say 20 chains is set at i for the tangential angle of 
1 chain, at 2 for 2 chains, &c., and thereby simplicity of read- 
ing is obtained. 

This device can be fitted to any transit theodolite fo^" 
eight to twelve guineas. 

The objections to it are *. 
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Firsts that in ordinary practice a transit is wanted alter- 
nately for running tangents and curves, and when on the 
tangent the curve apparatus is only an awkward appendage. 

Secondly^ it tends to make curve-ranging more mechanical. 
This cannot be called an advantage, because there is hardly 
anything that calls for more intelligent skill in surveying 
than this branch of it, and a system which enables a man to 
do work without knowing why he does it will not be likely 
to produce a good workman. 

Reverse Curves 

It is always preferable, having regard to the running 
gear of the rolling stock, to put in a piece of tangent between 
the ends of a reverse curve, and when this is done the 
problem is in nothing different from ranging two distinct 
curves, one to the right and the other to the left, in the 
manner just described. 

When the main tangents are parallel it is impossible to 
unite them by any other than a reverse curve ; but when 
they are inclined to one another the only reason for pre- 
ferring a reverse to a plain connecting curve is to obtain a 
more rapid transit, in which case the reverse curve will 
either intersect or lie wholly on the further side of one of 
the main tangents. A sub-tangent at the point of contrary 
flexure can be chosen, which will make any desired angle 
with the main tangents ; and an endless number of cases 
can be formed with a pair of curves of equal deflection and 
unequal radii, or unequal deflection and equal radii. If 
curves are wanted which will meet without any intervening 
tangent, the lengths of sub-tangents are the fixed data, and 
from the formula on p. 215 transposed, we have R=S.T. 
cot 0, from which we can obtain the radius and other 
elements. 

'• "The following problem is the Commonest amongst true 
reverse curves, and suitable to turn-outs and cross-over 
roads between parallel tangents. ' 
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Whatever the radii, the deflections A of the two curves 
will each of them be equal to twice the inclination of the 
common tangent to either of the main tangents. When the 
radii are equal the point of contrary flexure I bisects 
the common tangent. When unequal they will be propor- 
tional to the abscissae of the common tangent BI and IE. 

Reverse curve of unequal 'radii between parallel tangents. 




Fic;. 70. 

If the distance I) on the square between the tangents 
be given, and either L the straight reach, or BE the common 
tangent be given, the other elements can be found from the 
following expressions: 

tan(s)=_-; cos Oj) =-ir-. 



R= 



L 
BI 



y= 



IE 



2 sin ' 2 sin 
I.=:D cot ; D=L tan 

or if one of the radii R be given, and the distances 1 . and 
D or BE be given, to find the other radius. 

^_ BE " BI_ BE (BE - BI) 
2 sin 2D 

Turn-outs are now generally curved from the commence- 
ment of the switch, when the switch is of the split type^ 
such as is always used on passenger railways in England. 



B America, the old- fashioned stub-switch, having its heel 
Rhe point of curiature, is still largely used- The switch, 
^nig common to both tracks, is straight, and the curvature 
BVhich it is a tangent commences from its further end, 

■ To lay out a turn-out for a stub-switch, instead of the 
■Mn tangent, take the line of direction of the switch when 
feected towards the curve and which forms an angle /with 
■^ main tangent of which 

■ .^throw of switch 

■ lengtli of switch 

K Treat the end of the switch as the point of curvature, 
Bd calculate from it as if it were B. The two tangents 
Rithen not be quite parallel, but the curve can either be 
Wj^i out to a parallel with the switch, by foregoing formula, 
^d produced to a parallel with the main tangent, or else a 
Httiate calculation can be made, which want of space 
■ecludes our giving here. 

To Divert a Cl'rvi-; to a Parallel Tangent 
Very frequently the end of a curve comes loo near 
some fixed point, and it is desired to throw it to one side 




or the other by advancing or receding the B.C. point upon 
the old tangent. 

Let the distance betM-een the two \iara\\e\ laTv^awVoVti ^\ 
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and the length of advance or retreat of the B.C. point be x, 
the deflection angle being A. 

Then x=- . ^- or y=.x x sin A 
sin A 

To FIND THE Linear Advance of the Inner Rail 

ON Circular Curves 

In consequence of the outer rail being longer than the 
inner, the joints of the latter gradually forge ahead unless 
a special rail is put in occasionally, or the rails cut. Let 

LA=difference of length between outer and inner 
rails. 

A=deflection angle or total curvature. 

C;=gauge. 

General Rule 

LA=G X A X -01745 (log 8-24188) ^ 
Or if LA be in inches and G in feet — 

LA=G X A X '20944 (log 9-32106) 

Rule for Standard Gauge of ^ feet 8i ifuJus 
LA in inches=A x -98611 (log 9*99392) 

Rule for 3 feet 6 inch Gauge 
LA in inches=A x -73304 (log 9*86513) 

Rule for 3 feet Gauge 
LA in inchcs=A x '62832 (log 9*79818) 

Rule for Metre Gauge 

LA in millimetres=A x 17*4533 (log 1-2418774) 

Generally a consignment of rails includes som^ 

* specials/ six inches or twelve inches shorter than ^^ 

usual length :*in"vvhieh cjisc w^ g^n find the extent -Of cu^'*' 

ture needed for putting in a * special ' by substituting *^ 

' ^ Ten added to index "Ko. oi wmv^ ^s v*\\Xv Vs^, ?as«&. 
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LA the decrement /, and inverting the equation the general 

rulebecomesA=-x 57*296, and A has following values in 

G 

the several cases : 

A 

Standard gauge, 6 inch decrement . . . . 6°'o84 
3 feet 6 inch gauge ,, ,,.... 8-185 

3 feet gauge ,, „ . . . . 9-549 

Metre gauge ; decrement of 2 decimetres . .11 -459 

If the radius and length of the curve are given, find from 

Table LIV. p. 379 the degree of curve, and A=_l-. Thus 

100 

if the curve were 1,146 feet radius, and 2,762 feet long, 

from Table LIV. ^=5°-oo,and A=?^7-^^^^=i38°-i. 

100 

Transition Curves 

The transition or parabolic curve is a means of toning 
down the abrupt passage from a tangent into a circular curve. 
It is called the *Uebergang' by the Germans and constructed 
as a true parabola. 

The objection to it in this form is that if a curve becomes 
deformed or requires renewal the tracklayers are apt to put 
in what one of them termed to a friend of mine * somethink 
of a paraboler.' As the man literally knew as much as 
the proverbial cow about conic sections, the curve was 
unique. 

Mr. Searles in his little book entitled *The Railroad 

Spirar has placed the matter on a much more practical basis, 

using a combination of short circular curves, forming a close 

approximation to the parabola, in which, with equal chords, 

the curvature increases by an equal amount at the end of 

each chord. He adopts ten angular minutes as the basis, 

and uses chords of from ten to one hundred feet. Whatever 

its length, the curvature of the first chord is 10, the second 

20, the third 30, fhe fourth 40 minutes, and so on. 
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Mr. Searles gives exhaustive and lengthy tables and 
formulae for putting in any kind of spiral or for substituting a 
spiral for an existing circular cur\-e whilst retaining as neariy 
as possible the same ground and the same length of line. 

The object of the parabolic cur\-e is not to dispense en- 
tirely with the circular arc, but to attain gradually any suit- 
aljle radius with which to form a circular connecting or 
* crowning curve * and leave it again by the same gradual 
transition to join the further tangent. 

The advantages are chiefly : 

First, Less wear upon the running-gear. 

Second, I..ess discomfort to the passengers. 

Sharp curves and high speed are the factors that make 
the demand for the transition-curve. The explanations 
herein will deal firstly with a case suitable to a tramway or 
workshop siding of about 40 feet radius, because a better 
illustration can be given where the whole curve is shown. 
Spirals for street-railways are becoming every year more 
important. The radii cannot be increased, but the speed is 
constantly being accelerated up to the utmost limit in 
resj)onse to the public demand for rapid transit. Motors of 
one kind and another have been invented which meet the 
rc(iuircnients of speed combined with safety. The company 
protects its cars from derailment upon sharp curves by 
means of guard rails, but cannot prevent its passengers from 
the nnpleasant swing and jolt when the cars turn a square 
corner, nor can it avoid the wear and tear to the car wheels 
and axles from the sudden cross-strain. * C'est le premier 
j)as fiui coClte.' 

As pointed out at p. 17 in Chapter I., the wear of loco- 
mot ive tyres proves itself to depend largely upon the degree 
of shock which is imparted. Once the running gear has 
accommodated itself by its structural flexibility to a sharp 
curve, the extra wear due to pressure against the outer rail 
is comparatively small. The super-elevation of the outer 
rail relieves it, and by tht Xtaxvi\\.\oT\ o^v»^ tjws elevation is 
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commenced and gradually increased with the curve, so that I 
inpleasant sensation of being tilted up in one's carriage \ 
whilst still on the tangent is avoided. 

The spiral, e^'en on the sharpest curves, can be made to 
follow very closely the same ground as a circular arc. It will 
be seen from Fig. 71 how very slightly the two curves differ, 
and yet the spiral commences with a radius of 573 feet 
instead of one of 40 feet. 

The spiral adopted in the following pages differs from 
that of Mr. Searles in having for its base •% of a degree 
instead of ten minutes. For the sharper spirals the radii 
ate given in feet, for the others the degree of curvature per 
100 feet chord. Sharp short curves are best put in by offsets 
as shown in Fig. 73 ; flatter and longer ones by tangential 
angles as explained at p. 215 &c. 

Table LV, of Appendix gives the general elements of the 
^^ecimal spiral which are common to all the other tables. The 
'■'^t column, n, gives the number of the chord from the 
Commencement. The second, «. c, gives the curvature in 
*hat chord, which is the same whatever its length may be. 
•^e length of the short chord c in feet defines the spiral ; 
'nils No. a spiral is one in which c is z feet. 

The third column, /, gives the total curvature of the 
Spiral from the commencement, in other words the angle of 
^^flection formed by a tangent at any point n with the main 
^^gent.' The fourth column, k, is the inclination of any 
^tiord to the main tangent, in other words the total curvature 
^'Pposite the middle point of said chord ; it is the basis of 
"le computation of the ordinates .v and y. 

The fiflh column, /, is the tangential angle formed by the 

I long chord C at the point of spiral S with the main tangent. 

It is needed for setting out the curve by tangential angles 

timilarlyto a circular curve. In the other tables the column >■ 

' 1) ihe radius of curvature ; d the degree or deflection of 100 

\ Aei chord. The column x is the ordinate to the main tan- 

' li \i called bjr Mr. Snilet llie spiral angle. 
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jcr.: rror:: ar.y pijir.: jc. and v is the corresponding absdssi 
I he -: jlur.:r. L ^ive? the length of the spiral. The letter R 
cer.or.r.^- :he rjcius or the crowning curve does not occur in 
the table-. C is a long chord : c the short chord. 
y it-r.eTi! !orn:-^!x of the spiral: 

J — : A" = — : tan /=- 

10 I O V 

v=Z*. chord X sin ^ ; ji'^2. chord X cos ^ 



sm / cos / . n.c. 

2 sin — 

2 

sub-tangent along! 

main - tangent for > = r — .v. cot s 

any value of //J 



correspond in j; sub -tangent to //= .* 

sm J 

It will Ix^ seen, on comparing these columns with the 
corresponding ones in Mr. Searles' tables, how much simpler 
they Ijecome by the use of the decimal degree. 

The angles \ and /i indicated in Fig. 72, are formed by 
the seniichord of the crowning cun'e with a normal to the 
main tangent and the central radius of the cune respectively. 

They are found as follows (see Fig. 73) : 

\=9o°— ?> (0+^); /i=9o°— i (0-j) 

and as a check X -f /i -h 0= 1 80°. 

The point to be aimed at with spirals, as with ordinary 
curve-ranging, is to obtain the easiest curve possible within 
the limits prescribed by the situation. With tramway cunes, 
and in many other cases, it is often the crown of the cun'^ 
or ai)ex which fixes its other elements. The formulae for 
I)utting in a spiral to conform to a pre- determined apex 
distance is somewhat longer than the other, and require 
the finding of angles \ and //. A piece of spiral is first fixed 

* The symlx>l 2 is used fox \.\ve ?A\mmation up to any point of ^^ 
inofhici of each chord by V\\e coiie?.vo^^^^^^^>^«^^"^>t. 
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^I>on, and the distance of the point of spiral S from the 
P^^^int of intersection I, and the radius R of the crowning 
^^i^e, are found by the following formulae : 

l^_AI. COS®— ^ / X 

2 COS A. COS /i 

^'^ci 18=^4- tan \ [(AI. cos 0)-jc] + AI. sin . . (2) 

As will be presently shown, these formulae are very 
y^^ful for putting in a spiral upon a tramway ; but it 
*^ riot always practicable to iix the apex distance in this 
^'^^V, neither is it always important to do so. The data for 
^ drowning curve of any required radius can be found by 
^*^^ following formulae for a spiral of any chord-length and 
^^y curvature. 

Let R be the radius of the crowning curve. 

Let be the half total curvature. 

\jt\. s be the total curvature of one spiral. 

Let X be the ordinate to end of spiral. 

I^t y be the abscissa to end of spiral. 

Let IS be the distance of point of spiral from point of 
intersection. 

Let AI be the apex distance. 

Then 18=^+ tan (R. cos j-f :Jt:)— R. sin 5 . . (3) 

and AiJ^^^21I±^-R (4) 

cos ^^^ 

The radius of an approximately corresponding circular 
^c, or trial curve, should be first ascertained by rule on 
P» 215 for the whole curvature, remembering that the 
spiral will always somewhat sharpen the rate of curvature 
^t the crown. The next operation is to select from one 
of the tables a portion of spiral which will lead in a con- 
venient manner into a crowning curve of not much less 
ladius than the trial curve just found. The third step is 
to work out the data, either from a fixed apex distance by 
(i) and (2), or from the fixed radius of crowning curve by 
(3) and (4). 
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If not limited by a fixed apex distance, a radius of 
crowning curve will naturally be chosen which forms a 
harmonious transition from the spiral, but any radius may 
be put in to join any spiral, provided s is less than 0. When 
j=0, the two spirals meet, and form a continuous parabola, 
or nearly so. 

It is also possible to have two spirals of different length 
and different curvature at the ends of a crowning curve, but 
the discussion of such peculiar cases as that would be out of 
place in this work. 

Tramway Spiral 
(Nos. 2 and 5 Spiral) Tables LVI. and LVII. 

Fig. 72 represents the very common case of a square ; 
street-turning, the streets being only 30 feet wide, with 5 feet 
footpaths, and the centre-line is placed somewhat to one 
side in order to give equal clearance at the corner, and on 
the further side of the street. This, of course, is only a 
secondary matter, and has nothing to do with the principle 
of the spiral ; but the figure will serve to show how, when 
the limit of apex distance has been fixed by a trial curve, a 
spiral can be put in tv/iic/i 7vill differ very slightly from it, 
and have more clearance at t/ie tight corner. 

The data are as follows. 

A =90° ; ®=45° ; from which a 40 feet radius is selected 
for a trial curve, and the subtangent ID, and apex distance 
A'l found by rule on p. 215. It is presumed that the limit 
of curve-radius is 35 feet. A'l is found to be equal to 
1 6*5 7 feet. In order that the spiral may approach co- 
incidence with the trial curve, the crowning curve must lie 
outside, and the spiral inside of it. It is found that an 
approximately constant relation exists between the ordinate 
X of the end of the spiral, and the distance AA' between 
the trial curve and the crowning curve at the crown, and for 
curves of this character it will do to diminish A'l by one- 
tenth of X, 
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To select a spiral, on examination of Table LVI. it will be 
seen that any of the points 11 to 14 are of a curvature 
greater than 40 feet, so that in using them there will be no 
danger of the crowning curve llattening the spiral. Which- 
ever point we choose, we first reduce the apex distance by 
one-tenth of x. Supposing we use point 11. Ourdata are, 




r-^S^'ogfeet ; j=i3°2 ; x=\■^6 feet ; _y=2i88feet. De- 
ducting from A'l one-tenth of :i: we have AI=ifi'4ofeet. 
X=90''— J, {0+ j)=6o°-9 
-1(0- x)= 

=36-93 feet 

Lnd by {2) IS=2i-88 feet-|- i6'4oxsin 4s'' + tan bo'-^ 

x{i6'4o cos 45° — i'76)=si-i6 feet 
The transition at end of spiral will be from ^=5209, to 
R^39-93, or a change of 1516 feet. 

If we were to end the spiral at point 1 3, we sViQU\6\\aN« 



and by(.) R= ■6.t°xcoM5--; 6„ 

' ^ ' •• (-"S 6o°-9XCf'': •'•<''■' 



/i=3b^3 
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AI= 1 6*5 7 — •28=16-29, and adapting X and /i to the altered 
data, R would become 3574 feet, and 18=51 '36 feet. The 
transition would then be from r=44-o8 to R=35-74= 
8*34 feet. The change would be more gradual, but the 
crowning cur\-e would be 1*19 feet sharper. In either case 
the travelling public would be none the wiser, the rolling 
stock would not be affected, and it would be difficult to say 
which of the points of 11, 12, and 13, would be preferable. 
If it were not necessary to fix the apex distance absolutely 
and it was desired to have a crowning curve with a perfectly 
harmonious transition, we should choose for a value of R 
that of r next in order to the point we selected as the end of 
spiral. Thus with //= 1 3 we should take R=4o*93 feet: 
which is the value of r when //=i4. We do not then need 
\ or /i ; and by (3) — 

I^'^=-573 + ^n 45° (40-93 X cos i8°-2 + 2-84) 

— 40*93 sin i8°*2 

and by (4) — 

AT .4003 cos i8°*2Vf 284 
AI=^^— =^^^^ -J2 21 — 4093 

cos 45° 

or IS =54*67 feet and AI = 18*07 ^^^t. 

The point of spiral would not be at an inconvenient 
length, but the apex would be 1*67 feet nearer to the foot- 
path. 

When finally selected and calculated the curve should 
be tabulated for reference and a working drawing made to 
a large scale in the form of Fig. 73. Any practical trad- 
layer can t/ien put it in or replace it with nothing more than 
a chalk-line, a set-square, and a steel tape^ graduated to jcd 
and hundredths. 

When the survey has been made previous to construction, 
as it always should be if possible, the data of each cur\e 
should be worked out and the rails bent at the rolling mills 
to the required spirals and crowning curves, painted and 
stamped so as to identify lYvem. ^\ve^ >Ocvet^ >s tio survey 
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■here no facilities for accurate bending are available at 
b, a number of spiral rails should be included in the 
lent, from 12 to 30 feet long, having holes for fish- 
at every two feet in all lengths exceeding 12 feet, so that 
vill only need cutting at the most suitable value of n 
ch particular curve. 
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Fig. 73. 

template will be made for the centre line of the spiral 
and each of the rails adjusted to it ; they will need a 

humouring with the * Jim Crow ' to bring them to gauge, 

eing perfectly concentric circular arcs. 

nother and more exact method is to calculate the 
for the outer rail, and make a second working drawing 

it b/ \aying offordinates at every two feel ec\yiai\.o ^'^ 
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gauge. The ordinates for the crowning curve can 
from the tangent by formula CHi p. 207, or from thedww«* 
shown on Fig. 73 by formub in Trautwine's 'PodetBoci. 

The Horse-Shoe Spiral 
(Xos. 5, 10, 15, and 25) Tables LVII. to LX. 
When the total cur\ature approaches a semicircle (see 
I'ig. 74) it is impossible to run the tangents to an inteisec- 
tion. I>ong before so great a curvature is reached, as shown 
in the example, it becomes ver)* inconvenient to doso,an<* 
recourse should be had to the apex tangent HAK 
The deflection A of the main tangents can be measured by 
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running an auxiliary base-line DG from one tangent to the 
other. The sum of the interior angles IDG, IGD is equal 
to A, but if the instrument is kept to the astronomical bear- 
ing as explained on p. 203, the difference of bearing 
between the two tangents will give their deflection, ever 
though two or three auxiliary base-lines have been rur 
between them. 

The point A is generally fixed by inspection of t"^ 
ground and measured ; HAK being set out with angl' 
IHK=®. 

In exceptional cases, such as when A falls in the mido' 
of a torrent, H and K bem^ oxv \.Vv^ ?ivda^ o< -^ !j>tecipito*^ 



ravine, it is inconvenient to measure HK with the chain, 
and telenietric measurement may be also diificult on account 
of heavy brusijwood : we can then measure the distance HG 
from the end of the auxihary base to the point opposite 
the intended apex, and calculate AH by the following 
formula : 

AH=^^T^^_HG.cos0-DG.sin(B-ii.).cote . .{5) 

AJthough lengthy, the only angles involved are and 
the two interior angles IDG, IGD, so that the formula in" 
less tedious than it looks. 

When the distance AH has been obtained, the radius 
of a circular curve is calculated which will join the tangents 
and pass through A by the formula 

R'=AH. cot® (6) 

R' should be from 5 to 10 per cent, greater than the 
curve-limit of the survey, in order to allow for the diminu- 
tion due to the spiral. If R' is too small, a fresh point A' 
must be chosen somewhat further from the intersection 
point. It is generally possible, even in very rough country, 
to obtain a sufficient approximation to AH by stepping or 
even guessing in order to be within the limit of radius. 
For instance, supposing to be 76-25°, and the curve-limit 
ijo feet. AH must not be less than 250 x tan -= 

igS'S feet, therefore before selecting A, HK is roughly 
measured to be sure that it is over 400 feet. If the object 
be the staking out of the curve for actual construction, it 
will not do to put in A with the tacheometer ; it must be 
fixed to a tenth of a foot by the chain, but for the first 
approxinnation to HK it can be measured by the tacheometer, 
by pacing, or by the aperture of the two-foot rule, explained 
on p. 72. Flags are fixed at two points on the first main 
tangent such as D and S, and the aasistatit, V.e.e.'^m'feVvcw!^ 
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in line with them, moves forward along the tangent until 
he is in the line of HK, the direction of which is given by 
the surveyor at H with either the theodolite or prismatic 
compass. 

When a point A has been found which appears to suit 
the ground best and also to be within the curve-limit, it is 
finally determined either by the exact measurement of AH 
(=HK) or by calculation with formula (5). 

To select a spiral, examine any of the tables suitable to 
the class of curve intended and find one which attains 
a radius /•= or somewhat > R' within a suitable length of 
spiral. For instance, although it is possible to apply No. 2 
spiral to a 1° curve on a trunk railroad, it would be no 
use whatever, because it attains a 'radius of that degree at a 
distance of eight feet. 

No. 50 would attain that radius in a length of 200 feet, 
or No. 100 in 400 feet, so that one of the last three spirals 
would be chosen. 

At the transition point T or end of spiral, s should be 
somewhere between one-fourth and one-half of (s) ; one-third 
is best. 

When the spiral is chosen, angles \ and \i are calculated 
(see p. 228) and the data of point of spiral KS and radius of 
crowning curve R are given by the following formulae : 

T. AH. sin® — jjt: . . 

2 cos X. cos /t 

KS = V — ^. cot % -h . cos 2 a (8) 

sm0 ^ ^ ^ 

Example (see Fig. 74). Let the curve limit be 250 feet. 
0=76° '2 5. AH is measured=2i7 feet. 
Selecting No. 15 spiral at point 15, we have further data, 
jc=32''o6 ; ^^=220^*96 ; ^^24°'oo. From these we obtain 

^ = 39°'875» /^ = 63°'875» R=2i7X sin 76°-25- 32'-o6-r- 
2 cos 39°'875. cos 63°-875=264'*43 ; KS=22o'-96— 32'*o6. 

cot 76°-25 + ^ X '^^ii^ '^ cos 2 63°-875 =318' -69. 
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This will give a perfect transition ; r being 286-5 ^^ ^^^ 
transition point. The length of spiral, 225 feet, will be " 
ample for a curve of this character, being as long as many 
narrow-gauge trains. 

If we had chosen No. 10 spiral at point 10, we should . 
have had a crowning curve of 2 74' '32 radius, the last value 
of r being 286' '5 2. The transition would be equally good, 
but the length of spiral, 100 feet, would not be sufficient to 
be thoroughly effective^ 

Spirals up to No. 15 inclusive are more suitable for 
setting out by the ordinates of x and y, although values of /, 
the tangential angle, are given from point 10 onwards in 
No. 15 spiral. Supposing a horseshoe of total curvature 170 
degrees were required with a curve limit of 200 feet radius, 
it would be advisable to adopt No. 15 spiral at point 21, 
rather than No. 10 spiral at point 13, and the ordinate x of 
8274 would be inconveniently large for tape measurement. 

The Mountain Spiral 
Tables LX. and LXI. 

This term has been chosen to distinguish spirals Nos. 25 
and 50 as suitable for sharp curves in a standard -gauge line 
or ordinary curves in a narrow-gauge line. 

The ordinates of x and y will not be used in the field, 
as they become inconveniently large. The curve will be 
ranged by the tangential angle /, similarly to the ranging of 
circular curves. 

Example. Having a total curve deflection of 30°, it 
is desired to put in a 5° crowning curve with a uniform 
transition from a spiral. 

Choosing a No. 25 spiral we find the transition point is 
at «=6 and the data are : 

.0=15-0 ; x=4°-2 ; :v=3'97 ; ;^= 149-91. 
r=i,i93*6 ; R= 1,146 feet. 
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By (3)IS = i49'9i + tan i5°-o (1,146 cos 4^-2 + 3'97) 
— 1,146 sin 4**'2 = 373*28 feet 

r, / V .T IjI46 COS4°*2+3*Q7 a c 

By (4) AI = '.J*_ ^--5_^^X^ yy - 1,146 = 41-33 feet 

The apex distance will here only differ by 0*9 foot from 
that of a 5® curve throughout. 



The Trunk Line Spiral 
Tables LXI. to LXIII. 

This term has been chosen to distinguish spirals 75 and 
TOO, but No. 50 is also applicable in many cases. 

Exainpk, Having a total curve deflection of 45° be- 
tween the two main tangents, it is desired to put in a i** 
crowning curve, so as to form a uniform transition from the 
spiral. 

Choosing a No. 100 spiral, we find the transition point 
for a 1° curve to be where //=4, and the data are : 

0=22°-5;5-=2°; A'= 5*23 feet; 7=399-94 ; R=5,73o feet 
By (3) 18=399*94 + tan 22^-5 (5,730 cos 2°-|-5-23)- 
5,730 + sin 2°=2,574-i9 feet. 

T) / \ AT 5»73o cos 2° + t;*2'5 ^ ^ 

By (4) AI=^"^ ^^ ^ -5,730=474-00 feet 

cos 22*5 

The apex distance will here only differ by two feet from 
that of a 1° curve throughout. For practice the reader 
might take the apex distance, 474 feet, as the fixed quantity 
and find the radius and distance IS by formulae (i) and 
(2). The results will agree with the foregoing assumptions 
within a small fraction of a foot, but inasmuch as AI is 
small as compared with R, in order to get R correct to two 
places of decimals, AI should be given to three or four 
places, which is not necessary for practical curve-ranging. 



Ranging the Spieai. from an Intermediate Point 

Hitherto the spiral has been supposed to be visible from 
end to end. Such is generally the case, because when the 
first trial lines are run, the bush is cleared, and it is only 
when unusual obstructions, such as sharp rock -points, inter- 
fere with the view that the spiral cannot he ranged con- 
tinuously. When, however, from any cause, a break or 
turning point has to be made, the operation is analogous to 
that described in circular curves on p. 217, except that the 
tangential angle i is not half the deflection or spiral 
angle s. 

Supposing a No. 25 spiral is being ranged from a main 
tangent whose bearing is 33°'34, and it is desired to make a 
turning point, where «s=i6, the curve being to the right. 
Point 16 will be ranged from 5, with a tangential angle )'= 
9-33; consequently on a bearing of 33'34 + 9'33=42'67. 
on shifting the instrument to «, we require for the tangent 
at that pointa bearing of 33'''34-f J, that is 6o°-54; we there- 
fore clamp the vernier at 42°67 for the hack sight, clamp 
the eJitemal axis, reverse the telescope to the forward 
position, and set the vernier to 6d°-54, which will bring the 
line of sight on to the tangent. 

In ranging the remainder of the curve either by ordinates 
or tangential angles, a separate set of values of k', a/, y' , 
and (■' have to be used as given in Table LXIV. If the 
curve is ranged by ordinates, the values of y and y' have 
to be calculated by simple proportion from those of No. 
100 spiral given in the table; for instance a No. 25 spiral 
will have values of .v and y=2l per cent, of those in the 
table. They are found by the same equation as those for 
the primary tables, vi^. .ir'^2. chord, sin jf',y^i;. chord, cos 
A'. If the curve i.s ranged by tangential angles /', no cal- 
culation is required, as (" is the same for all spirals. 

By keeping the instrument on the astronomical or any 
inumis bearing, the transition point or end of spiral can. 
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be very conveniently checked, however many turning points 
may have been taken. For instance, supposing a curve to 
the right, and calling the bearing of the main tangent B, the 
bearing of the transition point when viewed from S will be 
B + /. With one turning point it will be B+/+/'' and so 
on. When the transition point is reached, the direction of 
the tangent to the crowning curve is found by taking a 
back sight to the last turning point with the bearing B+/ 
+ /" \'c., and reversing the telescope, with the external axis 
clamiK-d, and the vernier released, the line of sight is then 
set to the bearing B+j. It can easily be seen on the 
ground whether this is a tangent to the last chord of the 
spiral, and so check the calculation. 

It is also useful as an independent check to lay off and 
measure the subtangent from the transition point, or ^f 
necessary from any turning point, to the main tangent? 
which is done by the formula on p. 228. 

Wyes and Loops 

When a substitute for a turn-table is needed, it is usa^ 
ill America to put in a pair of curves turning to the rign 
and left on the same side of the main track, and terminating 
in a common tangent at right angles to the main track ; tn 
engine runs round one curve into the common tangent, an^ 
backshunts on to the main track through the other curv^? 
so coming out end for end. As a substitute for a cross- 
over road on a double track a loop is sometimes made, d) 
which the train, after describing a complete circle, occup'^'' 
the other track, but in a reverse position. 
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CHAPTER VIII 

GRAPHIC CALCULATION FOR PRELIMINARY 

ESTIMA TES 

The surveyor is compelled to form his first estimates of cost 
without detailed measurements with chain, tape, and rule, 
but as little as possible by guess-work. 

If the estimate is based upon a walk-over survey and 
sketches, he must rely upon his experience of similarly con- 
structed works, and he will judge the cost mile by mile 
according to its general character. 

When sufficient time is allowed to produce a topo- 
graphical map of more or less accuracy, the operations of 
the preliminary surveyor, although more rapid, are analogous 
in principle to those of the executive engineer, who succeeds 
him with more time at his command. 

The earthwork is measured on a profile plotted from the 
contours ; the trestles scaled for distance and heights from 
the same profile, as also the bridges and culverts. The 
quantities in all cases are usually taken from tables. 

The use of quantity diagrams combined with the slide- 
rule is much more suitable to this class of work than long 
tables of figures and elaborate formulae. 

Calculation by Slide-rule 

Before entering upon the subject of estimates, it will be 

necessary to describe somewhat fully the use of the slide-rule. 

The instrument itself is described on p. 361, but it is 
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desired to give a detailed description of its uses as applied 
to preliminary survey. 

The printed explanations sold with the slide-rule con- 
tain directions for its use, but it is preferred here to arrange 
them in a different form. 

The easiest way to become familiar with the instrument 
is to look upon it as a — 

I. Geo7netrical proportion or rule of three sum. Place a i 
of the slide opposite, to a 9 of the rule, and give the figures 
on the right-hand side of the rule ten times their indicated 
value. Then, beginning with the central 1 of the slide, it 
will be found under 9 of the rule, 2 under 18, 3 under 27, 
4 under 36, i*i under 9*9, 2*3 under 207, 37 under 33*3, 
and so on, every value of the rule corresponding with the 
slide X 9. We may put it in the form of multiplication as 
9x3=27x1, or in the form of division as y= V> ^^ ^" ^^^ 
ordinary rule of three form 9 : i :: 27 : 3. In any case, the 
figures on the rule arc opposite to their proportionals on the 
slide. 

We may give the figures on the sHdc ten times their in- 
dicated value, and those on the rule 100 times, but the pro- 
portion remains the same. Thus, in the above illustration 
37 would become 37 on the slide, and it would be under 
333 on the rule. 

One of the most useful cases of proportion by the slide- 
rule is the finding of the angular value of odd distances in 
railway curves by tangential angles, or in getting the loga- 
rithms of intermediate numbers or angles by interpolation. 

Example. What is the cosecant of 35° 11' i3'''3? 

Log. coscc. 35° 11' by tabic . . . - 10-2394308 
Tab. difference for 60" - — 1,791 ; 

~^ 1,791 by slide-rule . .- —397 

Log. cosec. 35° II' i3"-3 . . - 10-2393911 

This is done by placing the 1,791 of the slide opposite to 
the 60 on the rule, and looking for the value on the slide 
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corresponding with 13*3 on the rule. It is more exactly 
done by the lower scales of the rule, although it involves 
two operations. If the upper scales be used we can only 
read 1,790 instead of 1,791, but there will still be no mis- 
take about the 397 to an eye which has had a little practice 
in estimating the value of the subdivisions. We will, how- 
ever, take the lower scales. 

Giving the slide 1,000 times its indicated value, we place 
the 1,791 opposite the 6 of the rule, which we call 60, 
and we see that the 13*3 on the rule has been overshot 
altogether, the left hand i of the slide being opposite to 
the 3*35 on the rule. We slide back until the right hand i of 
the slide corresponds with 3*35 of the rule, and we shall be 
still in adjustment for giving the proportion of ^ JJ^ as 
before. Opposite to the 1*33 of the rule (which we give the 
value of 13*3) we find the exact figure of 397 on the slide. 

This operation is again much simplified by decimal 
graduation. 

The whole of the succeeding examples of scale reduc- 
tion and plotting, weights and measures and coinage, are 
based upon this principle of proportion or geometrical 
ratio. 

2. Multiplication. When, as described on last page, we 
put the I of the slide opposite the 9 of the rule, we mul- 
tiply it by 9, and any other figure on the slide is likewise 
multiplied by 9 on the rule opposite to it ; therefore, if we 
want to multiply by any number, we place a i of the slide 
opposite that number, and the slide and rule will be in adjust- 
ment to read like a column of a multiplication table headed 
by that number. Thus, if we wish to multiply 57 X35, we 
place a i of the lower slide-scale over the latter number. 
Every figure on the slide will then be opposite to 35 times 
its value on the rule, and 57 will be found opposite to 1,995 
exactly. 

3. Division, This is the converse of multiplication 

contained in the same principle of proportion. 

^1 
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Thus, in the preceding example, to divide 1,995 by 5I 
we adjust the instrument in that ratio by placing the 57 of 
the sHde over the 1,995 of the rule, or vice versa^ and read 
off the quotient 35 under the corresponding i. 

4. Ittvolution and Evolution. This is done by simple 
inspection without using the slide. Any of the figures on 
the lower scale of the rule are the square roots of those on 
the upper scale, and vice versa. They are made to * teach 
with one another by the brass marker. Thus the 3 on 
the lower scale is under the 9 of the upper. 

Example a. Find the square root of 718. Direct the 
brass index to that figure on the upper scale of the rule, 
and on the lower scale will be found 26*8. 

Example h. Find the square of 718. The answer will 
obviously have six figures. Placing the marker at 718 on 
the lower scale, the upper scale is, as near as one can readj 
516 — that is to say, 516,000. The exact answer is 515,5^^ 

If we wanted it exactly we should have to make a double 
inspection with the aid of the lower slide. 

Thus, 718 X 700 =502,600 

718 X 18 = 12,924 

515,524 

and in so doing we should scarcely save any time, because 
directly we begin to have to put down figures we might as 
well work it out. 

The Slide-Rule as a Universal Decimal Scale 

Nothing can compare with the slide-rule for plotting 
in the field. In the Mannheim rule one of the edges is 
bevelled so as to be used on the plot, and is graduated to 
millimetres. If we set the slide to read with the rule the 
proportion of millimetres to the given scale of feet, chains? 
mWes, or what not, we catv then a.^ply the millimetre scale 
directly to the paper witVvoMt aitv^ iuxtVvet cAo3^a5C\^\\,'iJ^^^ 



Ii the most awkward scales imaginable, KxampU (a). 
il be desired to plot with the slide- rule from a scale which 
i intended to be 6 inches to the mile, but which by con- 
rtion of the paper has shrunk to s'gs inches to the mile, 
the back of the rule in the table of useful memoranda 
be found under wwarwflH^/fl/Vtfy, pied (foot)=M. 0-3048, 
12 irches=^304-8 millimetres. If we then make 3D4'8 
the slide correspond with 12 on the rule, we shall find 
■ositetos'gson the rule 151 on the slide. This being the 
e value of a mile in millimetres, we can make 151 corre- 
nd with 5,z8o, to get the number of millimetres correspon- 
jwitb feet, or 151 with 8,ooo, to find the value for links. 
IS, adjusting the 151 of the rule opposite the So of the 
a,we have for, say, 23-11 chains on shde 43'62 on the rule, 
isecond place of decimals, that is, single links, can scarcely 
relied upon at this scale with a sm-ill Mannheim rule, 
as it cannot be estimated bj the eje on the millimetre 
?, the rule iviil giie Ike 7neasurement as clostly as it la/i 
ated. To use the lower scale we must first reduce the 
lortion of Vrnnr to its equivalent of -^ in order to keep 
in the range of the rule See p 243 
Hie way in which odd scales of paces can be figured off 
glance in feet or links is explained on p 57 of ch-ipter 
toute Surveying, and they can be plotted on the plan 
out any further reduction 

f the scale of miles, chain"!, or feet to which it is 
ided to plot with the slide rule, be gnen on the plan 
irst process of determining the value of a mile or other 
Hsh measure of distance in millimetres to scile is dis 
ed with by merely applying the millimetre scale to the 
T, and then adjusting the slide rule to the proportion 

RaiLWAV (jRADlENTS 

The nomenclature of gradients on English parliamcntarj 
5 for roads or railways is tlie ratio of petpi-ndvcMW \n 
, and is expressed as inclination 1 il\ — 
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The nomenclature of railway promoters abroad and 
ordinary business men is the same ratio expressed in feet 
per mile. 

Engineers have adopted percentage, such as i per cent, 
instead of i in 100, 2^ per cent, instead of i in 40 &c., as 
being the most convenient, both for levelling and contouring. 
Side slopes are named by the ratio of base to perpendicular, 
as 2 to I, &c., or sometimes in degrees of slope from the 
horizontal. 

To Reduce Percentage to Feet per Mile by the 

Slide-rule 

As I per cent. =5 2*8 feet per mile, place a i of the lower 
scale of the slide over the 52*8 of the lower scale of the 
rule, then 5 of the slide will be over 26*4, that is to say, '5 
per cent, is equal to 26*4 feet per mile, or 5 per cent, equal 
to 264 feet per mile. 

Example i. What percentage will be a grade of 32 A 
feet per mile? Opposite the 324 on the rule we find 6*13 ot\ 
the slide. 

The left hand i of the slide gives grades of i to i '9 p^ ^^ 
cent, or 10 to 19 per cent. 

The right hand i gives grades of i -9 to 10 per cent., a "^^ 
19 to 100 per cent. 

To Reduce the Inclination, such as i in 20, i ^^^^'^ 

30, &c., TO Feet per Mile 

The result is obviously 5,280 divided by the ra 
Place a I of the lower slide- scale over the ratio on the 
and read off the feet per mile on the slide opposite 5,28 
the rule. 

Example 2. How many feet per mile are there vm^ ^ 
grade of i in i8-i ? 

Place the left hand i of the slide opposite the i8*i 0^ 
the rule, and opposite 5,280 on the rule will be found 2^^'^ 
on the slide. 
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To Reduce the Inclination as above to thk 
Percentage 

Place the slide as above, but read the percentage on the 
tide opposite the right hand of the rule. Thus, in the 
weeding example the 5-52 is found opposite to the right, 
and I of the rule. 

'0 Find the Angle of Slope cobrestonding to any 
Gradient 

1. Reduce the grade in whatever form it is given to its 
t^nivalent percentage as just explained. 

2. Find the angle from the tine of tangents by placing 
in its initial position, and reading off the angle on the slide 

pposite to the percentage on the rule. 

Example^. What is the angle corresponding te 270 
■tt per mile ? 

Placing thez7o on the slide above the 5,280 on the rule, 
ehave opposite to the i of the rule s^ii. 

Reversing the slide to line of tangents, we have opposite 
' 5"! I the angle 2° 55', or 2°'92. 

Example 4. What is the angle corresponding to 27 feet 
^mile? 

Similarly to the preceding example we find the percent- 
*='Si, and this is less than the line of tangents will give, 
ithout reversing the slide we bring the mark for single 
"lutes situated at 3'44 on the slide, and indicated by a 
igle stroke i, opposite to the 1 on the rule, then the slide 
" give tangents or sines of small angles which are alike 
■'portional to those angles. The following table shows 
't "51 per cenL lies somewhere between 6' 30" and 

i8" of angular value, and we find the exact angle 17-5' 
^er the 51 of the rule. 

■Example 5. Suitable for flow of rivevs. \NWv "\^ 'Cttft 
fie of slope corresponding to a fall of six mcVies ^^o 'iJfte 
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mile ? We see from Table XXIX. that the percentage is 
somewhere between -002 and 'oi, and the angle between 
3" and 20". Placing 5 over 5,280 we find the percentage 
•00948, and by the double stroke mark for seconds the 
angle 19-5". ^ 

Example 6. What is the angle of a i in 7 32 slope- 
With a I of the slide over 7*32 we find the percentage to be 
13*66, and from the tangent scale in its initial position angl^ 
= 7° 46'. 

Taule WW.— Of ieading values of slopes in percetitage and msl^ 

for checking the slide-rule. 

Feet per ' S = tan »„«.•«»•»• Angle Angle ! 

mile of slope Percentage (sexagesimal) (decimal) I 



O'l -0000189 -00189 0° o' 3*9" 

0-528 -oooiooo -oiooo 0° O' 20-6" 

ID '0001894 -01894 0° o'39-o" 

5-28 -ooiooo -loooo 0° 3' 25-8" 

lO'O -001894 '1894 0° 6' 30-0" 

52-8 'oioooo I'oooo 0° 34' 18-0" 

100-0 -01894 1*894 1° 5' 14-0" 

5280 -loooo lo-ooo 5° 42' 38-0" 

looo'o I -18940 18-940 10° 43' 45-0' 



ff ' 




All the values of S are also equal to the sines except the 
last three, which are somewhat larger. 

'J'o interpolate between the values in this table. 

Example 7. Find all particulars as in the table fo^* ^ 
grade of 7 feet per mile. 8 = 7 x '000189 = 'ooi34' 
l'ercentage= 7 x •0189=* 134. Angle =7 X39''=4' Vi ' 

Squares and Square-roots of Small Decimals 

Table XXX. will facilitate the use of the slide-nile in tjje 
involution and evolution of small decimal numbers, sp^^^ ^ 
of those used in Kutter's formula. , , 

Example 8. Find the square of •0029. From the 
ire see that this mustbebet^^^tv -00000625 and -oooo^j 
by inspection of the ru\e f\tvd \\. \o\i^ *ociQQ^^i^\, 
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I 

Table XXX. — Of squares and cubes for checking the slide-rule. 



Number 



•0025 

•00316 

•005 

•007s 

'01 

•025 

•0316 

•05 

•075 

•i 

•25 
•316 

•5 
•75 

I'O 
1*25 



Square 


Cube 1 


Number 


Square 


•00000625 




1*414 


2.'OQ 


'OOOOI 




I '50 


2*25 


•000025 


1 


1*732 


3 '00 


•00005625 


1 


2*0 


4^oo 


•0001 


•oooooio 1 


2-1544 


4-6416 


•000625 


•0000156 


3*1623 


lO'OOOO 


•001 


•0000316 


4'64i6 


21*5443 


•0025 


•000125 


lO'O 


lOO'O 


•005625 


•000422 


21*5443 


464*1587 


•01 


•001 


31 •6228 


lOOO'O 


•0625 


•0156 


46^416 


2154*4 


•i 


•0316 


100 •o 


TOOOO'O 


•25 


•125 


215*4435 


46415*87 


•5625 


•422 ; 


3i6'227 


lOOOOO'O 


I'O 


I'O 


464*1587 


215443*5 


1*563 


1*953 


lOOO'O 


1000000*0 



Cube 



2*8i8 

3*375 
4-196 

5*359 

lO^O 

3 1 '6228 

lOO^O 

lOOO^O 

lOOOO'O 

3i622^8 

lOOOOO^O 

lOOOOOO^O 

lOOOOOOO'o 

31622777*0 

lOOOOOOOO^O 
lOOOOOOOOO^O 



Example 9. Find the square root of -00095. From the 
table we see that this must be between -025 and -0316. 
From inspection of the rule it is determined as '0308. 

If the student will take the trouble to work out one or 
two of these sums in the ordinary way, and then endeavour 
to obtain one or two decimal square roots by the slide-rule 
alone without the table, he will at once see what an assist- 
ance it is. 

Cubes and Cube-roots of Numbers 

Invert the slide, keeping the numerical scale upwards. 
Adjust it so that what was the left-hand upper scale of the 
slide becomes the right-hand lower scale, with the figures 
upside down. Now place the number to be cubed on the 
slide over the same number on the rule, and read off the 
cube on the slide opposite to the left hand i of the rule. 

Example 10. Find the cube of -373. From the table we 
see it will be somewhere between -0316 and -125. Placing 
the 373 of the slide over the 373 of the rule, we find above 
the left hand i of the rule 519, which we read '0519. 

To extract the cube-root with the rule as above, place 
the number on the slide over the left hand i of the rule, 
and search for a number on the slide which is opposite 
to the same number on the rule, that is the cube root. 



-^, 
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Example 11. Extract the cube root of 1,575. We see 
I'rom the table that it will be somewhere between 21 and 10. 
Place the left hand i of the rule under the 1,575 of the slide, 
and it will l)e found that the coincident number is 11*63. 

Example 1 2. Extract the cube root of '0954. From the 
table we sec that it will be between '5 and '316, and placing 
the left hand i of the rule under the 954 of the slide, we find I 
the coincident number to be 457, which we write as '457. 

Railway Sleepers 

Method of obtaining by a single adjustment of the rule, | 
when the dimensions and pitch are given,, the number, 
quantity of aibic feet, quantity of cubic yards,* weight in 
tons of 2,240 lbs., and price in sterling or dollars. Place 
the pitch in feet and decimals upon the slide opposite 5,280 
on the rule. 

Read the number per mile on the rule in thousands 
opposite the i of the slide. 

Read the quantity of cubic feet per mile on the rule in 
thousands opposite the value of A in Table XXXI. 

Read the quantity of cubic yards per mile on the nile in 
hundreds opposite the value of B in the table. Read the 
quantity of tons per mile on the rule in tens or hundreds, op- 
posite the value of D in the table. Read the price per mile 
in sterling or dollars, in hundreds or thousands, from E or F. 

Example i. Find the above desiderata for standard-gauge 
sleepers 9 feet x 10" x6", pitched 2' 9", at 2j. apiece. 

Place the pitch 275 on the slide opposite to 5,280 on 
the rule. 
Then the i of the slide is opposite to 1,920 No. on the rule- 

375 » (A) ,, „ 7»2oo c. ft. „ 

„ 1-39 „ (B) „ „ 267 c. yds. „ 

„ 586 „ (D) „ „ 1 1 2-1 tons „ 

„ 100 „ (E) „ „ 192/. 

* The quantity of cubic yards is required as a deduction from ^ 
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Example 2. Find the above particulars for narrow-gauge 
sleepers, 6' 6" x 7" x 4", pitched 2' 3", at 35 cents apiece. 

Place the pitch 225 on the slide opposite to 5,280 on 
the rule. 

Then the i of the slide is opposite to 2,350 No. on the rule. 
., 1-27 » (A) „ „ 2.985 c. ft. 
„ 469 „ (B) „ „ iio'ic, yds. „ 
„ 198 „ (D) „ „ 46-5 tons „ 

» 350 „ <F) „ „ «822 



Table XXXl.— Quantity, weight and cc 
sleepers for ilatulard and nam 



r tailt of raihuay 



. 


" 


^ - 


.^. 


Cub. vd<. 


Wl."in 


^" 


>£^ 


sleeper m 
3S Ib^ P" " 


.0-667 


0-247 


23-3 


o'972 


o'36o 


34-0 


t:67 


0-432 


406 


.■267 


0-469 


44-3 


1705 


0632 


597 


3 '667 


0-988 


<l3-5 


3-000 




105-0 


3500 


.-296 


1225 


3 ■333 


1233 


116-5 


3889 




136-0 


4 '444 


\ms 


155-3 


5 '333 


.■976 


IS6-8 


2-833 


.-048 


99-3 


3-188 


i-iSi 


I1i'6 


3 7 '9 


1-377 


130-1 


3 -542 


1-312 


1240 ^ 


4132 


I -530 




4722 


1-750 


i5so 


5-667 


209s 


198-0 


3-00O 




105-0 


3-375 


1-250 


iiS-o 


3-938 


1-456 


138-0 


3 -750 


1-38S 


[31-1 


4-375 


1-6.9 


152-8 


S-ooo 


1-851 


175-0 


6000 


2-221 


210-1 



^J 



sleepers i 


£. sterling 


iLt 1/6, 75 








2(6, 125 ; 


2/9.137-5; 




4;'o, 200 i 


S/o. 250- 




F, cos 


of (.000 


sleepers in » at 35C-, 


350 ! 50c 


500; 70c.. 
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Earthwork 

It is hccoming ver\' customan* to use diagram^ fw 
iiu'asiiring earthwork for preliminan- estimates. Theyaie 
usually drawn to large sf:ale, and are correct to a fraction oi 
a yard for level cuttings. To avoid folds, they are in a AJ^ 
(juarlo or folio book, which becomes quite imwieldy. TH^ 
little diagram given on Plate V. is quite close enoii^ i^ 
a preliminary estimate. It has the advantage over able ^" 
first, that it is all on one page ; secondly, that it is applicab^^ 
to any base and any slope. It will be observed that f^^ 
any additional depth of cutting, the quantities for \-aryir^S 
width of base increase as the ordinates of a triangle, butth*^ 
(juantities in the side-slopes increase as ordinates to ^ 
curve. The line marked base=o is a datum line for slop^^ 
only ; ordinates measured up^vards from it to the cutnc gi\'^ 
(|uantities /;/ the hvo side -slopes for loo feet length. 

It is also a datum for the central portion alone; ordinate^ 
measured downwards from it to the line marked with th^ 
given wiihh of base give the quantities in the central 
portion. 

When the total (juantity, central and sides, is required, 
llu» ordinate is measured clear through from the line marked 
with the given width of base upwards to the curve. This 
has to be done with the dividers, or with a slip of paper. 
If with the former, and much work has to be done, a piece 
of tracing-cloth should be gummed over the diagram to 
preserve it. 'J'he length of the ordinate is then applied to 
the vertical scale of cubic yards. When considerable work 
is to be done from the same width of base a piece of paper 
can be gunmied dow^n so as to cover all below the datum 
which is being used. 

Although the side-slopes do not vary directly as the depth, 
they do vary for the same depth directly as the slope. For 
instance, a 2 to i slope contains twice as much as a i to i 



mie depth. We can therefore obtain other values 

pie proportion. 

diagram is calculated from the prismoidal formula, 

a modification of Simpson's rules for land areas 
ine displacements, and may be relied upon within 
;ent. If used with a paper slip instead of dividers, 
and a considerable amount of usage, 
smaller diagram, F'ig. 76, is only an enlargement of 
tion of the larger one between o and 25 feet of 
depth, in order to obtain a clearer reading. 

diagram gives the contents in cubic yards in 100 
jth of level cuttings of any base from 5 to 28 feet, 
■ing side-slopes of i to 1 or 1^ to i. For any 
tance than 100 feet, such as Gunter's chains of 
or odd distances, the quantities given by scale are 
1 by simple proportion. With the slide-rule, by 
the 1 of the slide opposite the 66 or other fraction 
feet on the rule, and reading opposite the full 
■ on the slide, the odd quantity on the rule. 
unpk. To find the cubic contents of 1 00 feet length 
inkment, base 18 feet, side-slopes i to i,and 27 feet 
On the larger diagram, tracing the base line marked 
here it intersects the vertical 27, we scale from said 
tion up the vertical to the lower curve, and applying 
ntity to the end vertical, we find it measures exactly 
ubic yards, which is the required quantity in 100 (eet 

; cubic content of a level cutting of any length and 
pe may be obtained from this diagram by a simple 
three sum, or by direct scaling with proportional 
■ses. 

'e. Multiply the quantity in 1 to 1 slopes by the 
itio, and add to the product the quantity for the given 
If the slope is given in degrees from the vertical, 
ji by the tabular tangent ; if from the homQi\\aS.,\i-^ 
mgent of the slope. 
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Example, Required the cubic content of a juece of 
level cutting. Base 24 feet, height 27 feet, slopes | to i, 
length 13 feet. By diagram, the quantities are for tbe 
base 2,400, and for the side slopes 2,700. 

(2400 + ^^^??— 3 J x-ii=575 cubic yards. 
\ 4 / 100 

\Vhen the cuttings are in side-hill they sometimes have 
to be equalised, even on preliminary survey, for which a 
graphic method is given on Fig. 77, which represents a section 
of * hog-backed ' cutting ABCDHG, in which the crooked 
portion ABC is replaced by the straight line CFE ; BE is 
drawn parallel to AC ; to find E. 




Fig. 77. 

The triangles EBC, BEA are equal, being on the same 
base and between the same parallels ; deducting the common 
portion EFB, the remainder EFA, which is added by the 
equalising line, is equal to the remainder FBC, which is 
subtracted. The crooked portion DCE is replaced by 
another equalising line in a similar manner. Finally the 
one sloping surface line is replaced by a horizontal equivalent 
as follows : 

Let DE, Fig. 78, be the final equalising slope line. 
Assume a point a in the centre line of the section above 
DE, and mark ^, b' by a parallel run up from HG. Find ^' 
by a parallel run up from ^E to D ; halve the error W in ^"'» 
and b"" a' b'" will be the horizontal surface line of an equiva- 
Icnt level cutting* This sYvoM\d \ic c\v^viN^e!^>a>i ^. ^^osaM 
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n up from W^" E tg D, and if not quite correct, the error 
sected a second time. 




Fig. 78. 



The diagram, Fig. 79, is a rough approximation curve 
Instructed from a few actually measured areas, and may be 
ed only within the limits given. 



Per 



>nt add! Height 



» Wit Sf -CHTJIN 6 I TffL 




Fig. 79. 



Example, What would be the equivalent level cutting 
^hen the slope of the surface of the ground (or its equiva- 
lent DE, Fig. 78) is 25°, and the central depth 18 feet, base 
21 feet ? The percentage here is 22, therefore the equivalent 
level cutting=i8 X -22 + 18=21-96 deep. 
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Iron Bridges 

The diagram on Plate VI. has been prepared from the 
empirical formula of the late Mr. Trautwine, after checking 
several spans both of plate-girders and trusses. Designs 
vary greatly, especially in British construction, sometimes 
from unavoidable circumstances, more often from a desire 
for novelty on the part of the designer. It is therefore im- 
possible to give any precise formula which will cover the 
engineer's * personal equation ; ' but it is perfectly possible 
to give a formula and a diagram which will represent a weight 
which a bridge of moderate span need not exceed^ in order to 
be safe within a certain limit under given permanent and 
rolling loads^ and that condition is fulfilled by the diagram. 
The standard gauge covers a range from 4 feet 8i inches to 
5 feet 3 inches, and the narrow gauge 3 feet or metre. 

The formulae are as follows : 

For plate-girders up to 75 feet. 

Weight in pounds per foot run of girders only=5 xspan 

in feet + 50 \/span in feet. 

For open trusses up to 250 feet. 

Weight in pounds per foot run of trusses only=4'5 x 
span in feet +22 N^span in feet. 

The weights of the complete bridge are all scaled for 
either gauge from the bottom to the curve bearing the proper 
designation ; the weights of the trusses alone are scaled from 
the line marked platform only ; the weights of the platform 
only are scaled from the bottom. 

The following comparisons with the weights of actual 
structures will show to some extent the divergences to be 
expected from the formula. 

Oak Orchard Viaduct^ New York State, 23 spans of 30 feet 
each, by Mr. Chas. Macdonaid, engineer. They are plate- 
girders 20'' deep, trussed by a centrepost and eyebars carry- 
ing a standard-gauge single-line railway. Actual weight 3-12 
tons. Weight by diagram c^-oo X.om. 



Iron U ridge DlagnuN. 
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Railway bridge over the Ohio at Cincinnati, Mr. I. H. 
Linville engineer. Deck span of no feet carrying standard- 
gauge single line. Braced on the Pratt system ; actual 
weight 467 tons, weight by diagram 48 tons. 

Double line^ standard-gauge railway truss bridge at 
Harrisburg, Pa. 21 spans of 156' d" each. Weight of a ' 
span by actual measurement 129 tons. Weight by diagram 
119 tons. 

Jhelmn bridge^ British India. Mr. Lee Smith engineer-in- 
chief. Metre gauge. Single line and two footways. Deck 
system with lattice bracing of single intersection, spans fifty 
in number, 97' 6'' long. Actual weight of one span 42*4 
tons ; weight by diagram for single line 29 tons, for double 
line 50 tons. Mean 39*5 tons. 

Iron Trestle Piers 

Such wide differences of design exist in iron trestles that 
it is almost impossible to form either a table or a diagram 
of their weights. 

One of the largest of such structures, the New Portage 
Viaduct^ of America, has towers of maximum height 203 feet. 
It is built for double-line standard gauge, and carries spans 
on either side of 118 feet. The weight of the trestle, con- 
sisting of four columns, and bracing weighs about 1,400 lbs. 
per foot of vertical height. 

Another celebrated trestle, the Kinzua Viaduct in 
Pennsylvania, is built for single-line standard gauge. The 
maximum height of any tower is 278 feet. The tower is 
capped by girders of 38 feet span, and supports adjacent 
spans of 61 feet. The weights vary from 500 to 700 lbs. per 
foot of vertical height. 

On the Oak Orchard Viaduct of twenty- three 30-feet 
spans on single trestles, called * bents,' consisting of a pair 
of raking posts and bracing, carrying a single-line standard- 
gauge railway, the weight of the bents per foot of vertical 
height up to 75 feet was 160 lbs. 
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Stoxk BRir»r.Es of Coursed Rubble 

'J 'he diagrams on Plate VII. for stone bridges are con- 
Niructcd from Mr. Traut wine's formulae. The arches are 
semicircular. The depth of keystone is taken from the 
f« irmula 

I)ei>ihofkevstoneinfeet=^''^^- +_half s^n ^^ ^^^ 

4 
'J he thickness of the abutment is taken from the 

formula 

.,M • 1 • r 4 .. rad. in ft. rise in ft. . <. 

I hickness m feet at spnnging= . . _ - ^_ — . 42 ft. 

The abutment is plumb on the face, and battered on 
the back from the thickness at the springings found by the 
formula to a thickness at ground level=f the vertical height 
from ground to springing, which batter is continued down 
through the ground to the l)Ottom of the foundations, 3 feet 
below ground level, and footings added. 

The sjundrel walls are j'*,, of their vertical height where 
they join the wing walls and 2 feet 6 inches at cope. 

The wing walls are also ,"*„ of their vertical height '^ 1 
base, and diminishing to 2 feet 6 inches at cope. 

Brick Bridges 

The formula for stone bridges will serve for brick bridg^^ 
by taking half the quantity for the wing-walls. The quaH' 
tities in the diagram agree with American practice forrubbl^ 
stone, but wing- walls of brick are not nearly so wasteful 0' 
material. 

The two following examples are type bridges on the 
ICastern and Midlands Railway, England, and agree in th( 
main as to quantity with those of most other railways ii 
ICngland for similar height, span, and width. 

Example i. 2 5 -foot span over-bridge for double line 
elliptical arch; total height 21-5 feet, width 18 feet; or 
counterfort to each abutm^nx. 




fj 
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Actual Diagram (with half 
measurement, ciuantity for wing;s), 
cubic yards cunic yart's 

Us., cforts., and parapets . 196*5 180 

147-9 '40 

> 9*3 41 

3537 361 

. 15-foot span under- bridge ; segmental arch ; 
o feet ; two counterforts to each abut : width 



Actual Diagram (with half 
leasurement, quantity for wings), 
cubic yards cunJc yards 



Its., cforls., and ppls. 


200 -o 


194 


• • • • 


I26'0 


1235 


walls 


4-0 


21 



330-0 338-5 

Timber Trestles 

[. gives quantities in one bent. Tyj)cs 1, 2, 
1 trestle carrying a single-line standard-gauge 
air of stringers 14'' x 14". The bents 12 feet 
) centre. The posts, sills, and cai)s 12" x \2" , 
:es and wales 12" x6". The quantities include 
al bracing but not the sleepers (cross-ties), 
for one of a pair of bents forming a pier for a 

Thus for a height of 45 feet the diagram 
ic feet in one bent, therefore the pier would 
:ubic feet. For narrow-gauge railways threc- 
:; quantities may be taken, 
russ is a composite bridge commonly used in 
ambling in appearance the lattice-girder in 
le top and bottom chords and the diagonal 
timber, and the stresses are distributed through 
to the piers by vertical tension-rods, 
'ing table is an e.xtract from Trautwme's ^ VocYfeX. 

in an excellent article upon trusses, W^"^ 
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\ \ \ 1 1 . — -V.T. V / 'f 14^. its of timber and iron, Wii^t: 
: ' *•:■ ; ■ .:;. .Y . •:«.».' A> /nv/ trusses of same span. 
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A centre 
brace 



A Kr^ Ceant 

counter rwl rod ■ 
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.^X 14 
• ^--^ 

^ V « -■ 




in>. 

px 11 
Sxi.» 



2 
■2 



ins. 

5x6:1 5x6=2 \\ * « 
5 X 8 I I ! 5 X 8 3 . Ik 2 li 
6x3,1 6x 8 a ■ 2I • '{ 
6x10. I 6x10 7 2^ iS >i 



vlv>^r-..VN lu^w iho imss should Ixi built, and gives the theory 
oi >\:.\w Ov:r.ilibniim in so simple a manner that for this, a 
UK .-lu o:\:in.;ry ^itii'A iiiro of the kind, those who have never' 
sii'.vlivi^i m.uhoiuaiii's ran easily work out the proper dimen- 
>ii>p> w\ .\\\\ iiuenneiiiaie si/e. Composite bridges are also 
l.um'lv made oX ihe N lype, having the uprights of timber 
.nul oi»i!v;iie ien>ivMi rods. I'he total quantity of material is 
si)uuN\iui less with i his form of bridge, but there is more 
iri>invi)ik in it. Hii^h limber viaducts are not much built 
now for several reasons, but mainly on account of their 
intlanunability. 

Wowc trusses up to 50 feet span can be placed upon 
timber trestle piers, but if the latter are higher than 60 feet 
they reciuire three beiUs to a pier, like the old viaduct at 
J^ortage, New York State, which was 234 feet high from bed 
of river to rail and (H)ntained 133,000 cubic feet of timber 
including trusses. The (Quantity curve increases very rapidly 
for trestles over the heights in the diagram. The maximum 
length of bents on the Portage Viaduct was 190 feet, 
'laking a proportion of \j'*„" x 595 (the quantity in the 
diagram for a bent 60 feet hi^h), multiplying by 3, and 
allomng for timber m iVve Ximss^^, ^^afc -ASiVaai Q^saxv<\\.>^^Qiild 
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Service Diagrams 
service diagrams Figs. 82 and 83, for tramways 
working single line with crossing s\a\\ons 


and 
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necessarily to a small scale. They should be drawn for 
working purposes on a sheet of double elephant, which will 
include the 24 hours for railway and the working hours for 
tramways. The value of the diagrams is that they show at a 
glance where the trains meet and pass, so that a special train 
can be interpolated at any time with no danger of mistaking 
its connections. 

English railw^ays worked upon the block system with the 
double line, or with the staff or tablet on single line, need 
nothing of this kind, but pioneer railways are generally 
worked merely by telegraph or even telephone, and the 
diagram forms an indispensable adjunct. It also serves the 
purpose with tramways of showing the number of cars 
required to work a certain service. 

In diagram Fig. 82 we will explain the first round trip 
of No. I tramway car. 

Leave depot 6 a.m. ; run through to terminus with 
line clear ; arrive terminus 6.55 ; leave terminus 7.00 ; 
cross No. 2 car on No. 1 1 switch ; cross No. 3 car on No. 
10 switch, No. 4 car on No. 9 switch, and so on ; arrive 
depot 7.55 ; leave again at 8. 

In diagram Fig. 83 we will follow No. i freight, whose 
waybill will be as follows. Leave N at 3 a.m. ; switch off 
at M to allow No. 2 express to pass ; leave M at 4. i o ; 
switch off at L for No. 3 ordinary ; leave L at 5.15 ; switch 
at K for No. 100 express ; leave K at 6.05, switch at J for 
No. X special ; leave J at 6.45 ; switch at I for No. loi 
freight and No. 102 ordinary ; leave I at 8.10 ; switch at H 
for shunting from 8.25 to 8.40 ; ditto at G from 9 to 9.12 
and at F from 9.40 to 9.45. 

Centrifugal Force 

The following rules are prepared on the assumption of 
gravity being 32*2 feet per second, and R the radius of 
rotation ; they are sufficiently approximate when tK^ <.\\\siV- 



J ■ 



-■ <.L'..2.. 
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ncNS of the body such as the rim of a flywheel is not 
more than ^ of the radius from out to out ; the radius being 
measured to the centre of gravity of the rim. 

1^'t K=centrifugal force in lbs. per lb. weight of rotat- 
ing Unly. 

Let F' = centrifugal force in lbs. per ton of rotating 
body. 

Let Rssradius of rotation in feet. 

Let N=numl)er of revolutions per minute. 

Let M= number of revolutions per second. 

F= -00034 RN* (i) 

K=iJ24RM> (2) 

!• =07616 RN« (3) 

Example. What is the centrifugal force in lbs. of a 
body making 120 revolutions per minute, at a radius of 
5 fivt» and weighing 3 lbs. ? 

K= I J 24 X 5 X 2-=24-49 lbs. per lb. 
or for 3 lbs. = 73*47 lbs. 

FornuiUe suitable for side-stresses on viaducts due to 
centrifugal foR'e : 

Let V=velooity in feet per second. 

Let VV=velocity in miles per hour. 

Lot F=oentrifugal force in lbs. per ton of 2,240 lbs. 

Let FF= centrifugal force in lbs. per ton of 2,000 lbs. 

Let R=radius in feet. 

Let RR=radius in Gunter's chains of 66 feet. 

V- 
l'=^^9*5 j^ (4) 

tF=^-'i j^ ^^^ 

F=2-268 ^ (6» 

yy 2 
F=1497 -^ (7) 



fr" 
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' VV2 
FF=2-o25 ^ (8) 

FF=: 133-6 _ (9) 

Example i. What is the centrifugal force in lbs. per ton 
of 2,240 lbs. on a curve of 23*5 chains at a velocity of 31*3 
miles per hour ? 

By slide-rule. Place the brass marker opposite 31 '3 on the 
lower scale of the rule, and bring a 23*5 of the upper scale 
of the slide to coincide with the brass marker so placed. 
Read off the result 94*5 feet per ton on the upper scale 
of the rule opposite to the 2-268 of the slide. 

Example 2. What is the centrifugal force in lbs. per ton 
of 2,000 lbs. at 60 miles per hour on a curve of 4 chains, 2i'^ 
links ? 

Place the brass marker opposite 60 on the lower scale of 
the rule. Bring a 4*33 of the upper scale of the slide to 
coincide with the brass marker so placed. Read off the 
result, 1,681, on the upper scale of the rule opposite to the 
2*025 of the slide. 

Example 3. What is the centrifugal force in lbs. per ton 
of 2,240 lbs. at 40 miles per hour on a curve of 5° (1,146 feet 
radius)? 

By No. 7, F=i497 x _i— -=209 lbs. 

1 146 

For table of certain values of F at different curvatures 
and speeds, see Tables VII. and VIII., p. 15. 



To Reduce Thermometer Scales 

Fakrenkeit and Centigrade, 

Boiling-point is at 100° Cent, and 212° Fahr. Zero 
Cent, corresponds with 32® Fahr., whence 180° Fahr.= 
100° Cent. 

Place the left hand i of the upper scale of the slide 



arxi ir.c t-Lc Fihrtr^e:- -ri^n^ ±ft: rjnscir.: ;2 is added t 



T-us r = Ctr.z. = : S — 52 =3-- 1 S Frir. 
i' Cer.:.= : -5 — 5^=53-5 

jf- Ccn-^-tfc -► j:2 =77 

2^z- Cent =^5= — 3' =4^- 
^y F2hr. '3-^3> ^it>o Cer.:. 
3CC' Fahr. i32^26S«=i40 Cerit. 

or bv rjic L^- ^- . 

g 

Below freczing-TXjint, the values Fahr. read on the 
are dedurted from 32. 

Thu-* — r- Cent-=32 — i-S^3c-2 Fahr. 

Fahrenheit and Riaumur. 

Boiling-point is at 80^ Re. and 212^ Fahr. 

Zero Re. corresponds with ^2^ Fahr. 

Place the left hand 8 of the upper scale of tht 
under the f8 of the rule, and read Re. on the slic 
Fahr. on the rule, adding the constant 32. 

i^ Re.=32H- 2*25=34*25 Fahr. 
f Re.=32 + ii-25=43-25 „ 
25° Re.=32 + 56-25=88-25 „ 

or by rule F=? — + 32. 

4 

Centigrade and Reaumur. 

Zero coincides in these scales, so there is no cons 
Place the 8 of the slide under a i of the rule, an 
/<c. Oil the slide, and Cent. ot\ v\v^ xuV. 



" Re.=i-3S Cent. 



; Slidk-kule as a Universal Measurer 
Circular Measure of Angles. 
\ Two movements of the slide are all that is needed 
\ length of any circular am to any radius. 
\ "An arc of i° to a radius of 100=1745, that is to sa; 
B45 per cent, of the radius whatever that radius may 
\arc of 10° is i7-4g per cent., and so on. 
I (a) To obtain the value of any arc in percmtage of H 
Place the left hand i of the slide opposite to tl 
jf the rule ; then opposite to the angle in degrees ai 
Is on the slide will be given the percentage on the ruli 
\£xample. What is the percentage of an arc of 2: 
e^'S ? Placing the slide as directed we find opposil 
i2'S upon it 39'2, which is the required percentage, 
b) To obtain the linear value of tlie same arc to 
I radius. Leave the brass marker at the percentagi 
jpd on the rule so as not to lose it, and move the slic 
; upon it coincides with the given radius. The 
e the marker to the percentage on the slide and read a 
ft linear value upon the rule. 

(. With the 39'7 per cent found as above, n 
: the linear value of the said arc to a radius ( 



Placing the slide as directed with the left hand 

site to 234 on the rule, move the marker to 392 on the slidi 
and read off the result, 9i'7, on the rule. 

Ciraimferences of circles. Multiply 3-i4i6bylhe diameterf H 
^^w 6-2832 by the radius. When the argument is ^iver. in. ' 
^^^ytfths or sixteenths or sixtieths reduce them \.o AeofG'ii'aNi'i 
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Tables XXXIV., XXXIX., and XL., respectively, or by 
the slide-rule as explained further on. 

(d) Areas of circles. Multiply the square of the diameter 
by 7854, or the srjuare of the radius by 3* 142. 

(e) Surface of cylinders. Multiply the circumference 
found as above by the length. 

(f) Volume of cylinders. Multiply the area found as 
above by the length. 

(g) Surface of spheres. Multiply the square of the dia- 
meter by 3' 1 4 16. 

Volume of spheres=-^\zxi\!t\Jtx^ y. '5236. 

(h) To reduce inches to decimals of a foot. Place 12 on 
the slide opposite to 10 on the rule, and read the decimals 
on the rule opposite the inches on the slide. 

(i) To reduce fractions of inches to decimals of a foot 
Place the denominator on the slide opposite the 833 on the 
rule, which will be regarded as -0833, and then read oflf the 
decimals on the rule opposite to the numerator on the 
slide. Thus, to express %]^ of an inch in decimals of a foot, 
place the 32 of the slide opposite the 2i2^^ on the rule, which 
represents the decimal for one inch '0833 ; then 2 1 on the 
slide will be found opposite to '0547 on the rule. 

(j ) JVhen the fraction is a mixed one of inclies and fractions 
of inches. Find the decimal of the integer by the first pro- 
cess, and keeping the result on record with the brass marker 
find the decimal of the fraction by the second process, and 
add the two results together. 

(k) To reduce fractions of inches to decimals of inches. 
Place the denominator on the slide opposite a i of the rule 
and read the decimals on the rule opposite the numerators 
on the slide. 

(1) To reduce feet to metres or vice versa. Place a i oi 
the slide, representing 100 feet, under the 30*48 of the 
rule and read off feet on the slide and metres on the rule. 

(m) To reduce yards into metres or vice versa. Place a 
I of the slide, representmg, \oo ^^i^?>, cx^^^x^e. to 91*44 on 
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the rule ; read off yards on the slide and metres on the 
rule. 

(n) To reduce inches and decimals into millimetres or vice 
versa. Place a i of the slide to represent one inch opposite 
to 25-4 on the rule ; read inches on the sHde and milli- 
metres on the rule. 

(o) To reduce kilometres into statute miles and vice versa. 
Place a I of the slide, to represent one statute mile, opposite 
1-609 on the rule, and read miles on the slide and kilo- 
metres on the rule. 

(p) To reduce kilometres into geographical miles and vice 
versa. Place a i of the slide, to represent one geographical 
mile, opposite 1*853 on the rule, and read geographical miles 
on the slide and kilometres on the rule. 

(q) To reduce statute miles to geographical miles and vice 
versa. Place a i of the slide, to represent one geographical 
mile, opposite to 1-151 on the rule, and read geographical 
miles on the slide and statute miles on the rule. 



Metric Square Measure. 



I square centimetre 
I ,, metre . 

* >> >> • 

I square kilometre 



>> 



>> 



= 0*155 square inch 

= 107641 ,, feet 
= 1*19601 ,, yard 

= 247*11 acres 
= 0*38611 square miles 



Metric Weights,^ 



I centigramme 
I gramme . 
I kilogramme 



I tonne 



0*15432 grain 

-- 15-432 

■= 2*2046 pounds 

= 2204*6 

= 0*9842 ton 



>> 



Metric Cubic Measure, 

I decalitre = 0*35316 c. ft =2*2009 British gals. 

,, -0*28378 U. S. struck bushel -2*64179 U. S. liquid gals. 

* See also Specific Gravity, pp. 389, ^qo. 
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Taiile XXXllI.— 
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finf^ Itu 
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Wimah 


' o/a Foof. 


n. 1 Fc«t ! 

1 


In. 


Feet 


' In. 

1 . 


Feet 


'> In. 


1 Feet 

1 


1 -oooo 


8 


•2500 


6 


•5000 


9 


•7500 


1 , 

Tji ' 


CX)52 




•2552 




•5052 




•7552 


1' 

4J 


0104 


i 


•2604 


1 

H 


•5104 


i 


•7604 


M 


0156 




•2656 




•5156 




7656 


1 ' 


■0208 j! 


1 
4 


•2708 


4 


•5208 


: 1 

4 


•7708 


4 




•0260 




•2760 




•5260 


1 


•7760 


i 




0313 


% 


•2813 


8 


•5313 


1 


•7813 




•0365 




•2865 




•5365 


1- 


•7865 


1 ; 

^1 


0417 


1 
2 


•2917 


J. 


•5417 


, 1 

! ^ 


•7917 


3 


•0469 




•2969 




•5469 




•7969 




•0521 1 
•0573 


s 


•3021 
•3073 


! i 


•5521 

•5573 




•8021 
•8073 


3 

i 


•0625 


3 
'4 


•3125 


3 
■t 


•5625 


3 
4 


•8125 


■1 


•0677 




•3177 




•5677 


] 


•8177 


i 


•0729 


I 


•3229 


1 

H 


•5729 


2. 

i ** 


•8229 


H 


•0781 




•3281 




•5781 


1 


•8281 


1 


•0833 


4 


•3333 


7 


•5833 


1 10 


'!333 




•0885 




•3385 




•5885 




. -8385 


■i ' 


0938 


A 


•3438 


1 

H 


•5937 


A 


•8437 


n 


•0990 




•3490 




•5990 


1 


•8490 


1 


•1042 


■1 


•3542 


i 


•6042 


I. 

4 


1 -8542 


■1 


•1094 




•3594 




•6094 




•8594 


;l 


•I 146 , 


a 

ij 


•3646 


3 

H 


•6146 


n 

8 


•8646 


8 


•II98 




•3698 




•6198 




•8698 


1 


•1250 


1 

if 


•3750 


i 


•6250 


1 
.1 


•8750 


~ 


• 1 302 




•3802 




•6302 




•8802 


.'• 


•1354 




K 


•3854 


H 


•6354 


H 


•8854 


H 


•1406 




•3906 




•6406 




•8906 


.'J 

f 


•I45« 


J 


•395« 


•1 
• » 

1 


•6458 


3 
4 


•8958 




•1510 




•4010 




•6510 




•9010 


7 


•1563 


1 


•4063 




•6563 


7. 
s 


•9063 


n 


•1615 




•4115 




•6615 




•9115 


2 


•1667 , 


6 


•4167 


8 


•6667 


11 


•9167 




•1719 




•4219 




•6719 




•9219 


i 


•1771 


J 

s 


•4271 


i 


•6771 


I 
8 


•9271 


s 


■1S23 




•4323 




•6823 




•9323 


1 

■ 


•1875 


1 
4 


•4375 


1 
4 


•6875 


1 
4 


•9375 


■\ 


■1927 




•4427 




•6927 




•9427 




•1979 


'A 


•4479 


.'J 
8 


•6979 


8 


•9479 


1 


•2031 




•4531 




•7031 


' 


•9531 


1 


2083 


1 


•4583 


1 
•J 


•7083 


1 

.1 


•9583 


■* 


•2135 




•4635 




•7135 


1 


•9635 


1 


2188 


.1 
H 


•4688 


^ 


•7187 
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•9688 


H 


•2240 




•4740 




•7240 


■ 


•9740 


.'k 


2292 


•I 
«f 

■1 


•4792 


1 


7292 


3 

i ■' 


•9792 


•1 


2344 




•4844 




•7344 




•9844 


J. 


•2396 




•4896 


2 

8 


•7396 


! 1 

8 


•9896 


H 




•2448 

j 





•4948 




.7448 


1 


•9948 



Graphic Calculation for Preliminary Estimates 271 



Table XXXIV. — Timey Coinage j and Measurement in Decimals. 



Pence 
, Months 
Inches 



I 
2 

3 

4 

5 
6 

7 
8 

9 
10 

II 



Shillings 

Years 

Feet 



•0833 
•1667 
•2500 
•3300 
■4167 
•5000 

•5833 
•6667 

•7500 

•8333 
•9167 



Yards 



•0277 

•0554 
•0833 

•IIII 

•1389 

•1666 

•1944 

•2222 

•2500 

•2777 

•3056 



Pounds sterling 

•00466 
•00833 
•01250 
•01666 
•02083 
•02500 
•02916 

•03333 
•03750 
•04166 

•04583 



Table XXXV. — Shillings in Decimals of a Pound. 



Shil- 
lings 



Shil- 


Pounds 


Shil- 


Pounds 


lings 


sterling 


lings 


sterling 


I 


•05 


6 


•30 


2 


•10 


7 


•35 


3 


•15 


8 


•40 


4 


•20 

1 


9 


•45 


5 


•25 1 


10 


•50 



Shil- 


Pounds 


lings 


sterling 
•55 


II 


12 


•60 


13 


•65 


14 


•70 


15 


•75 



16 

17 
18 

19 

20 



Pounds 
sterling 

•80 

•8s 

•90 
•95 

I'OO 



Table XXXVI.— Z>ayj, Hours, Minutes, and Seconds. 



Minutes 
Seconds 



Hours 
Minutes 



I 


•01667 


2 


•03333 


3 

4 
5 


•05000 
•06667 

•08333 



Days 

•000694 
•001389 
•002083 
•002777 
•003472 



Minutes 
Seconds 

6 

7 
8 

9 
10 



Hours 
Minutes 



•lOOOO 
■I 1667 

•13333 
•15000 

•16667 



J)ays 



•004166 
•004861 

•005555 
•006250 

•006940 



Weeks 



Table XXXVII. — W?^/&j, Months, and Years. 

Weeks Months 



Months 



I 

2 

3 
4 



•23077 

•46154 
•69231 

•92308 

I 15380 



Years 

•01923 
•03846 
•05769 
•07692 
•09615 



Years 



6 

7 
8 

9 
10 



1-3846 

I -6154 
I ^8462 

2^0769 , 

2-3077 j 


■II538 

•I 3461 

•15384 
•17307 

•19230 



* 



^- 1 



VI 
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Table XXXVIII.— Z)^j[yj, Weeks ^ Months^ and Years, 



Days 

i 
I 

2 

I -. 

i 4 

: 5 



Weeks 



•1429 
•2857 
•4286 

•5714 
7143 



Months 


Years ' 


Days 
6 


Weeks 


Months 


Years 


•0329 


1 
•00274 


•8572 


•1973 


•01644 


•0657 


•00548 


7 


i-oooo 


•2302 


•OI918 


•0986 


•00822 


8 


I • 1429 


•2630 


•02192 


•1315 


•01096 i 


9 


I -2857 


•2959 


•02466 


•1644 


•01370 ; 


10 

1 


1^4290 


•3290 


•02740 



1 


Table XXXIX.- 


4 


•0156 


¥ 1 


1 

3§ 


•0312 ; 


9 ' 

04 


3 
64 


•0469 


A 


•0625 


16 ■ 


5 


•0781 


21 


4 

04 


•0937 


•1094 


1 

8" 


•1250 


3 


9 
64 


•1406 


95 


5 

!? 

64 


•1562 

•I7I9 


% 

64 


Vt 


•1875 


A 


13 
64 


•2031 


29 
H4 


7 


•2187 


15 

5? 

64 


ir> 

64 


•2344 


1 

'4' 


•2500 

1 


h 


Tah 


leXL.-/ 


''or cot 



■For converting Fractions into Decimals. 




For converting Minutes iftto Decimals of a Degree, or 
Seconds into Decimals of a Minute (^). 



'Min. 
Sec. 



I 
2 

3 

4 

5 
6 

7 
8 

9 
10 
II 
12 

13 
14 
J5 



Degree 
Minute 



•0167 

•0333 
•0500 

•0667 

•0833 

•1000 

•II67 

•1333 
•1500 

•1667 

•1833 
•2000 

•2167 

•2333 
•2500 



Min. 
! Sec. 



Degree 
Minute 



•2667 
•2833 
•3000 
•3167 

•3333 
•3500 
•3667 

•3833 
•4000 

•4167 

•4333 
•4500 

•4667 

•4833 
•5000 



\\ 



Min. 
Sec. 



31 
32 

34 
35 
36 

37 
38 

39 
40 

41 
42 

43 
44 
45 



Degree 
Minute 



5167 

5333 
5500 

5667 

5833 
6000 

6167 

6333 
6500 

6667 

6833 
7000 

7167 

7333 
7500 



Min. 
Sec. 

46 

47 
48 
49 
50 

51 
52 

53 
54 
55 
56 
57 
58 

59 
60 



Degree 
Minute 



•7667 

•7833 
•8000 

•8167 

•8333 
•8500 

•8667 

•8833 
•9000 

•9167 

•9333 
•9500 

•9667 

•9833 
1*0000 



Rv 
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Table XXXIV. — Time^ Coinage^ and Measurement in Decimals. 

Poun'Is sterling 



I 



Pence 

Months 

Inches 



ShtllinKK 

Years 

Feet 



I 

2 

3 
4 

5 
6 

7 
8 

9 
10 

II 



•0833 
•1667 
•2500 
•3300 
•4167 
•5000 

•5833 
•6667 

•7500 

•8333 
•9167 



Yanls 



•0277 

•0554 
•0833 

•nil 

•1389 
•1666 
•1944 

•2222 
•2500 
•2777 
•3056 



•00466 
•00833 
•01250 
•01666 
•02083 
•02500 
•02916 

•03333 
•03750 

•04166 
•04583 



Table XXXV. — Shi/h'n^ in Decimals of a Pound. 



Shil- 


Pounds 


Shil- 


lings 


sterling 


lings 


I 


•05 


1 

6 

1 


2 


•ID 


7 ; 


3 


•15 


8 


4 


•20 


9 


5 


•25 


1 '° 

1 



Pounds 
sterling 

•30 

•35 
•40 

•45 
•50 



Shil- 
lings 



II 

12 

13 
14 
15 



Pounds 
sterling 

•60 

•6s 

•70 
•75 



Shil- 
lings 

16 

17 
18 

19 
20 



Pounds 
sterling ; 

•80 
•85 

•90 

•95 
i^oo 



Table XXXVI. -Days, Hours, Minutes^ ami Seconds 



Minutes 
Seconds 



I 

2 

3 

4 
5 



Hours 
Minutes 



•01667 

•03333 
•05000 

•06667 

•08333 



Days 

•000694 
•001389 
•002083 
•002777 
•003472 



Minutes 
Seconds 

6 

7 
8 

9 
10 



Hours 
Minutes 



lOOOO 
11667 

13333 
15000 

16667 



I )ays 



•004166 
•004861 

•005555 
•006250 

•006940 



Table y.Y.yM\\. — Weeks, Months, and Years 



Weeks 

I 

2 

3 
4 
5 



Months 



•23077 

•46154 
•69231 

•92308 

1-15380 



Ycnrs 

•01923 
•03846 
•05769 
•07692 



Weeks 
6 

7 
8 

9 
10 



Months 
I ^3846 

f6i54 

1 '8462 

2 ^0769 
2-3077 



Years 

•I 1538 
•I 3461 

•15384 
•17^07 



ii 
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Table XXX VIII.— Z)ay^, Weeks ^ Months^ and Years. 



/ 



t 

Days 


Weeks 

•1429 
•2857 
•4286 
•5714 
•7143 


Months 

•0329 
-0657 
-0986 

•1315 
•1644 


Years 1 

1 


Days 

6 

■ 7 
8 

9 
10 


Weeks 


Months 


Years 


1 
I 

2 

' 3 

' 4 

5 


-00274 
, -00548 
•00822 
-01096 
-01370 


•8572 
I-OOOO 

1-1429 
I -2857 
1-4290 


•1973 
•2302 

•2630 

•2959 
•3290 


•01644 1 
-OI918 ! 
-02192 
•02466 
•02740 



Table XXXIX. — For converting Fractions into Decimals, 



1 

64 

1 

32 
3 

64 

■i»<r 

S 
54 

i ¥ 

i 04 

64 
5 

T({" 
ill 

ir. 

«i4 

I 



•0156 


17 


-0312 


^. , 


-0469 


li \ 


-0625 


TIT 


•0781 ; 


21 


•0937 


•1094 


64 


•1250 


3 


•1406 


95 

;^4 


•1562 
•1719 


04 


•1875 


7 


-2031 


29 

<t4 


•2187 ; 


IS 
32 


•2344 


31 
04 


-2500 { 


i 



•2656 
•2812 
•2969 

•3125 

•3281 

•3437 
•3594 

•3750 
•3906 

-4062 

•4219 

•4375 
•4531 

•4687 

•4844 

-5000 



M 

9 

I? 
it 

i 

5 

■ff 

41 

Si 
If 

Hi 

a 

1 

64 
3 

¥ 



•5156 
•5312 
-5469 

•5625 

•5781 

•5937 
-6094 

•6250 
•^406 
•6562 
•6719 

•6875 

•7031 
-7187 

•7344 
•7500 





49 

it 


•7656 


i 


-7812 




•7969 




H 


•8125 




<t4 


•8281 




•8437 




•8594 




i 


•8750 




'4 


-8906 




i 

6 


-9062 




•9219 




H 


•9375 




61 
64 


•9531 




32 


•9687 




63 
64 


•9844 


1 


I 


I-OOOO 



Table XL 



. — For converting Mifiutes into Decimals of a Degree, or 
Seconds into Decimals of a Minute (^). 



Min. 
Sec. 



Degree 
I Minute 



, 1 1 


-0167 


2 1 


•0333 


<> 


-0500 


, 4 


-0667 


1 5 


•0833 


! 6 


-1000 


• 7 


-1167 


8 

1 


•1333 


' 9 


•1500 


10 


•1667 


II 


•1833 


12 


-2000 


1 ^3 


-2167 


14 


•2333 


- '5 


•2500 



Min. 
Sec. 

16 

17 

18 

19 
20 

; 21 
22 

23 

24 

25 

26 I 

27 I 

28 ' 

29 
30 



Degree 
Minute 



•2667 
•2833 
-3000 
•3167 

•3333 
•3500 
•3667 

•3833 
•4000 

•4167 

•4333 
•4500 

-4667 

•4833 
•5000 



Min. 
Sec. 



31 
32 

33 

34 
35 
36 
37 
38 

39 
40 

41 
42 

43 
44 
45 



Degree 
Minute 



•5167 

•5333 
-5500 

•5667 

•5833 
•6000 

•6167 

•6333 
-6500 

•6667 

•6833 

•7000 

-7167 

•7333 
•7500 



Min. 
Sec. 

46 

47 
48 

49 
50 

51 
52 

53 

54 
55 
56 
57 
58 

59 
60 



Degree 

Minute 

•7667 

•7833 
-8000 

-8167 

•8333 
•8500 

•8667 

•8833 
•9000 

•9167 

•9333 
-9500 

-9667 

•9833 
I-OOOO 
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Table XLI. — For cotaitrliag Seceitds uilo Decimals of a Degree, m 
Thirds iaie Deciiftals of a Minute i,^^. 



IS-r 
































\ 


;»»5 II 


■0047 


I 


■C067 34 


5 


i 5 


is 


■014?, 

ii 


















' '" 1 ■"'=a [ » 















Example. What is 17° 11' 29" 47'" in decimals of a degree." 

17 

17" 19' 5 

Table "XlAl.^^DednuUs of a Degree in Minutes and Secemls. 



1 


-, 1 


-*;;: 


=■ 


">K 


;,. 


J4'.i6;;; 


■6. 


%'f^- 




f^;; 




?|' 


■<s;; 


'4 


;I5 


-l* 


-■-!;, 


1 




i; 


41; 4a;; 


























Si! 


■!«"■ 


Xi 


i6',fl" 


» 


=^>^i; 


■S 


:5;^ 


Rii 


?S;;; 




■«. ,S 




tI 


;S"; 




;^'^" 






s 


;;;■# 


j 




ft 


3- 


I^??" 




^■■5 




iv^"' 




«:s 














































1 


i's 


ft 


s 


ss 


■^J 


t5, 


:» 


i^s 


Ii 


Is 












































.^:;S" 


1 " " - !i 


40 








^ 







Tkmtsaitdths of a Degiee in Secoiuls and Decimals rfa Sea 
I -m ! 3'';6 ■ 'oos I ic.;;;8 I ;=« j ia||;o | ;oo7 | as';;i ;oc9 i 
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Table XLIII.- Of Cotangents of a few Uadin^ AHi^ks luiik tkar 
correspo»idiHg Tan^ntsjor ckelking iJU SUdU-ruU. 



Tan of ' 


0-0874 


Counof 


Tan of 


i 


; Cotanaf 


m 

D 


85 


60 


1 

1732 



30 


10 


01 763 


80 


65 


2144 


25 


«5 


0*2679 


75 


70 


2747 


20 


20 


0364 


70 


75 


3732 


IS 


25 


0*466 


65 


80 


5-671 


10 


30 


0-577 


60 


fl 


11-430 


^ 

3 


35 


0*700 


55 


86 


14-300 


4 


40 i 


0*839 


50 


87 


19-081 


3 


45 


1*000 


45 


88 


28-636 


2 


50 . 


1*192 


40 


89 . 


57-29 


I 


55 . 


1*428 


35 









Rule, To find a tangent of a higher angle than is given 
by the slide. 

tan 0= — = 



cot0 tan (90°-©) 

Example. Find tan 73° 20'. 

The table shows that the decimal punctuation will be 
Ijctwccn 27 and 37. 

tan (9o°-73° 2o')=tan 16° 40' 

Place the scale of tangents in its initial position, and find 
tan i6°4o'='299. 

Reverse the slide and adjust the scale of numbers with 
299 over the i of the rule, and opposite to the other i of 
I he slide will be found 3*34 the required tangent. 

Ta»le y>lA\ . — Of some Higher Sines than are clearly 
given on the Slide-rule. 



Sine of 



89 

88 
87 



•999S 

•9994 
•9986 

•9976 



Cosine of Sine of 



Coaine of 



I 
2 

3 



o 

85 
80 

75 
70 



*9962 


5 


! -9848 


10 


i -9659 


15 


•9397 


20 
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Measurement of Tree Timber 

In measuring felled logs, allowance is made first for 
squaring, secondly for bark. As to the first, instead of multi- 
plying the area of cross section by the length, \ of the girth 
squared is taken as the area, and this is the quantity given 
in square feet in Hurst's * Pocket Book.' It is about 28 per 



• 




•;< 




P^ 



cent, less than the actual cross section. When the tree 
tapers considerably the two ends and middle are girthed 
and the average taken. A tree is not called timber unless 
the stem measures 24 inches in circumference. 

Rule. Marketable area=(:^ girth)^; marketable cubic 
contents=length x {\ girth)*. 

By slide-ruk. Find the \ girth in decimaX^ ol ^ ^o^vXs^ 



v 1. 



f J .'*y ' >\ I "*• I 



. I 
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Table XXXIII. (unless a decimal tape is used), square by 
Rule 4, p. 244, and multiply by Rule 2. 

If the bark is on the tree, deduct as follows : 

For oak, old and thick barked . . . • 15 of girth- 
P'or oak, young and thin barked . . • 15 >» 

For elm, pine, and fir 15 »> 

For ash and beech . . . . . • ^* >» 
Comparison of various beams ctUfrom a log 2 feet in diameter, 

sq.ft. 

a, the most serviceable beam . , x=^\ diam., area- 1*92 
^, the stiffest beam . . . xa^ diam., areas 175 

r, square timber .... jr = ^ diam., area = 2*00 

^Marketable measure of log \ girth square . . area = 2*47 

Gross area of cross section of log . . . «=3'I4 

To obtain a 12" piece of square timber, the tree must 
be, allowing for bark, 15" diameter, or 4 feet in circumference, 
at its smallest end. 

Railway Track 

Weight per mile of single tracks consisting of two rails 
and fastenings. For rails only : Weight in tons per mile of j 
single track=area of rail in square inches x 157 143 ; the 
weight in pounds per yard being ten times the area of cross- 
section in inches. 

Molesworth's tables of Indian State railways produce re- 
sults as follows, including allowance for waste in fastenings ; 

5/?. 6 in, gauge. I 

Rails only .... weight in tons « area x 15*65 
Rails, fishplates, fishbolts, and 

spikes .... ,, ,, X i6"65 

Rails &c. as above, and bearing 

plates .... „ „ X 17*86 

Metre gauge. 
Rails only .... weight in tons = area x i5*^5 
Rails, fishplates, fishbolts, and 

spikes .... „ „ xi6'65 

Rails &c. as above, and bearing 



I7'48 



plates ...» ,> ,^ X 



npk t. What will be the weight of iron in a mile 
; track of narrow-gauge railway with 40 pound 
s and fastenings, but no bearing plates ? 

I of the shde opposite the 4 of the rule, and 
Kisite to i6'6s (the weight per mile corresponding to an 
h of section) we find 56-6 tons. 

Example 2. What section must a rail have so that the 

s oniy, without fastenings, will amount to 100 tons per 

' Adopting the factor 157143, place the 1571 of the 

tde opposite the i of the rule ; then opposite the 1 of the 

ide will be found 636, the required sectional area; the 

t per yard would be 63-6 pounds. 

Mole. The weights of the fastenings have not been 

ren in detail ; they cover the weight of ordinary fishplates, 

t not angled or sleeve fishplates. 

Weight of Angle and Tee Iron. 
W=(B + D-/) w. 
Where W=weight in pounds per foot run. 

B=breadth of one flange of angle, or clt 

breadth of head of Tee in inches. 
D=breadth of other flange of angle, or e\trei 

depth of Tee in inches. 
^=thickness of iron in inches, 
af= coefficient in table. 
Table XIM .—Malliplurs for migk!s of Stnielural Iron. 



. 


. 


t 


V. 1 


. 


1 


11 


■20S 
■41a 

.625 


f 

'1 


r'o4i ' A 

■■«^ 1 

1-666 i 


r-874 
2-082 

15 


9 


.J 



Intermediate values of iv, e.g. for 32nds of an inchj 1 
aeciniajs^ can be interpolated by slide-rule. 

Sxample i. What is the weight of a lineal foot of Ti 



. y 
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4J +3j— jJ=7-32 inches, and ^=2-29 

Answer. 7*32 x 2*29=1675 pounds per foot. 

Weight of channel and H iron may be found similarly, 
when the web and flanges are of the same mean thickness, 
l)y the formula W=[D + 2 (B— /)]«;. 



K- D --•>! 



1^ 



B 






J 



B 



Fig. 85. U 

Example 2. What is the weight of channel iron in pounds 
per foot run, size 8" x 6" x i" ? 

8 + 2 (6 — i)=i9 ; 7£;=i-666. 
Answer. 19x1 '666 = 3 1 -66 pounds. 

Weight of Round and Square Iron, 

Rule I . — Round iron. Place the 2 *6 1 of the upper scale 
of the slide under the middle i of the rule. Read the 
weight in pounds per lineal foot on the upper slide-scale, 
opi)osite the square of the diameter in inches on the rule. 

Example. AVhat is the weight of 2|" round iron per lineal 
foot ? Adjusting the rule as described, we first find in 
Table XXXIX. the diameter in decimals 2*375, ^"^ by brass 
marker we find its square 5*64 on the upper scale of the 
rule. Under this latter figure we find the result 14*8 lbs. 
on the slide. 

Rule 2. — Square iron. Instead of the number of 2 61 
use 3*33, and proceed as before. For flat iron, use the pro- 
duct of the breadth by thickness instead of the square of the 
side. 

For round and square cast iron use 2*43 and 3*097 
respectively. 

For steel, 2-66 and 3*397. 
„ copper, 3 -00 and 3*83. 
„ brass, 2*84 and 3*63. 
„ lead, 3*84 and 4*89. 
, zinc, 2*40 and Tj*oC>. 
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The Slide-rule as a * Ready Reckoner' 

Table. XL VI. — Wages and Salaries. 

Multiplier 
Pence per hour into shillings per day of ii hours 0*917 
9> ,» ,» ,, 10 „ 0-833 

,» »> M », 9 ». 0750 



>> j> »» >> 

>» j» »» 



8 „ 0*667 
week of 66 ,, 5*5 



>t >» >» »» 



60 „ 5*o 

»» »» >> >» 54- j» 4*5 

48 ,, 4*0 



»> »» 

»» »> >» >j 

>» »» »> »» 

»» »» j» >» 



>» j» >> j» 

£ per mo. of 26 d. of ii hours i '192 

10 „ 1*083 

,, », », ,, 9 >> o'975 

8 „ 0-867 

„an. of 313 d. at II „ 14-34 

)) ,» M „ 10 „ 13-04 

>» >> >» >» 9>» '''ZS 

>j »» >> >> 8 ,, 10*43 

Shillings per day into ;f per week of 6 days 0*3 

,, ,, „ month of 4 weeks 1*20 

,» ,» »» >» 4i » 1*299 

,, ,, ,, ann. of 313 days 15-65 

,, week into ;f per month of 4 weeks 0*2 

»» >» »» >j 45 »» o-2i6 

,, ,, ,, ann. of 52 weeks 2-6 

;^ per week into ;f per month of 4 weeks 4-0 

j» >» J J 43 »» 4*33 

ann. of 52 weeks 52*0 

month (lunar) into £ per annum 13*0 

(calendar) into £ per annum i2*o 

See also tables, pp. 271, 272. 



»> >» 

>> 



Example i. How much per annum is an hourly wage of 
I, worth, at the rate of 9 hours per day, working every 
' except Sundays? Place the left hand i of the slide 
)osite the multiplier 11*73 ^^ the rule, and opposite to 
wage 3*75^. on the slide will be found 44/. 
Example 2. A man has made 178/. i^s. \t\ tK^ ^^^ax, 
\at is the equivalent wage in shillings pei da?j, '\i V^ V*^^ 






r 



^80 
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worked steadily every day but Sundays? Place the left 
hand i of the slide opposite the multiplier 15*65 on the 
rule, and opposite to 17875 on the rule will be found 11*42 
= 11^. 5df. 

Example 3. A servant gets 17/. 35". ^d, per annum ; w^hat 
are his wages for 5 months 2 weeks and 5 days ? 

Find from the tables the decimal equivalents of the time 
and money as follows : 

£, Years 

Rate in decimals . 17*000 5 months (Table XXXIV.) -417 

3 shillings (Table XLVII. ) • 1 50 2 weeks (Table XXXVII. ) -038 

5 pence (Table XLVII. ) -02 1 5 days (Table XXXVIII. ) -014 



17*171 



•469 



By slide-rule. Place the left hand i of the slide over 
the 469 on the rule, and read the answer 8*07/. opposite to 
1,717 on the slide. 

By table, 8 -07/. =8/. \s, ^\d. 

From Table XLVII. read off -05 as is, and divide the 
balance '02 by the multiplier for one penny '00417 ; the 



equivalent fraction would be 



2000 
417"' 



For division by slide- 



rule see p. 245. The result will be \'%d. 



Tabu 


English Money 

E YANW.— Decimal Multipliers, 







£ 


s. 


d, i 


/ 


One farthing . . 
One penny . . 
One shilling . . 
One pound . . 


*ooi04 1 -0208 
•00417 I -0833 
•05 I -0 
1*0 20 

1 


•25 

I 

12 

240 


I 

4 
48 

960 



Example, To reduce 131/. 13^. ^d, to pounds and deci- 
mals by the slide-rule. 



\ 
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With the multiplier '00 1 04 we find J^. , . - -003 1 
» „ -00417 „ 9</. . =-0374 

„ -05 ,, 13^ . . --65 

131 



Answer. . ;f 13 1 '6905 

Colonial and Foreign 

Where the value is not at par under the gold standard^ or where 
')er is not cU 44d. per ounce^ the slide-rule will give the current value 
Tule I, /. 242. 

Argentine Republic— see Chili. 

Austria. (Par value.) 



I/. 


. = 10*215 fl* • 


. = 


1,021*5 kreuzer 


IS. 


= -5107 „ . 


• ^~ 


SI 07 „ 


id. 


= 0425 „ . 
Brazil. 


• "^ 


4'2 ,» 


\l. . 


. = 8*925 milreis 


• 


• = 8,925 reis 


li-. . 


. = -446 „ 


• 


. - 446 „ 


id. 


. = -037 „ 


• 


. - 37 M 



Canada and United States of America. 

Par Value in Sterling. 

i £ "4*87 dollars 

I shilling = 24*35 cents 
I penny = 2*03 ,, 
I farthing- 0*51 



»» 



Chili, Colombia, and Uruguay. (Par value.) 

1 /. . . • = 5 *340 peso . . = 534 centavos 

IS. . . sa -267 ,, . . = 267 ,, 

id. . . = *022 ,, . . = 2*2 



,, . . — ^ ^ ,) 



China. 
Intrinsic value with silver at 44//. per oz. troy. 

It. . . =: 4*28 taels . . = 428 conderin 

IS. . . - '214 ,, . . =s 21*^ ,, 

i^' . . = -oiS „ . . ^ \*% 



^> 
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France. 


(Par value.) 




l/. 


25*220 francs 




IS. 


1-261 ,, . 


126*1 centimes 


id. 


•105 „ . 


10-5 „ 


Emp] 


RE OF Germany. 


(Par value. ) 


I/. 


s= 20*420 marks 




IS. 

id. 


= 1*021 ., 
= -085 „ • 


. = 102*1 pfennig 
8*5 „ 


Table XLVIII.— Indian Money 


at par ( i Rupee = 2s. ). 


Rupees 




Annas 

16 

I 
•0833 


F 

] 


►ie 


Sterling 1 


I 
•0625 
•005208 




[92 

12 

I 


1 

2 shillings 
i\ pence 
0*125 penny 



... ^ //^ ^^ 

I lakh = 100,000 rupees, i crore= 10,000,000 rupees, i pice = 3 
pie or \ anna. In Ceylon the rupee is divided into 100 cents. 

Example a. What is the value of 473/. sterling in rupees 
at the exchange of is. ']\d. per rupee ? Using the multiplier 
• in Table XLIX., 

10 : 4,730:: 1215 : X 

whence ^=5,747 rupees. For rule of three sum by slide- 
rule see p. 243. 

Example b. What is the value of 72 pie at the exchange 
of IS. 8|^. sterling per rupee ? 

First operation : To obtain the par value. By Table 
XLVIIL, 

I pie : '125^. :: 72 pie : x 
whence x-=()d. 

Second operation : To obtain the current value. Bv 
Table XLIX., 

11*56 : loy.gd. \y 

whence jF= 7 'Sdf., nearly. 



'iphk Calculation for Preliminary Estimates 283 
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Example c. To reduce 15 annas 7 pie to cents (looAi 
of a rupee). 

16 annas : loc cents:: 15 annas : x cents 
whence x=gyj ; 

192 pie : 100 cents:: 7 pie : j cents 
whence ^v=37 cents, 
and answer, 93*7 + 37=97'4 cents. 

Japan. 
Intrinsic value with siiver at 44*/. per oz. troy. 



\L . 


6500 yen . 650 sen 


l;. . 


•325 325 M 


\d. • 


027 ., . 27,, 




Mexico. (Par value. ) 


\l. 


. - 6*160 dollars . . — 616*0 cents 


u. 


. - *3o8 „ . . = 30-8 „ 


\d. 


. a. x>25 „ . . = 2*5 ., 




Netherlands. 


I/. 


. - 12*00 florins . . =1,200 cents 


i.>. 


. = -60 „ . = 60 „ 


\d 


. = -05 M . . = 5 ., 



The par value according to United States Treasury circular is aboat 
I per cent. more. 

Persia. 

i/. . = 2'Soothomans . « 28*0 banabats . ^280 shahis 

IS. , = 140 „ . = 1-4 „ . « 14 

id. . = 012 ,, . = -128 „ . = 1-28 „ 

Portugal. (Par value.) 

i/. . . = 4*500 milreis . . = 4,500 reis 

i». .. . - '225 ,, . . SB 225 

id. . . . = '019 ,, . . = 19 



9 J 



Russia. (Paper currency.) 
Current value in Whitaker's Almanack for 1890. 

//. - 6*3000 roubles . . = 630 kopek 

I/. . - '.I'SO »» • • = SI'S ,. 

\d, . . = '026$ », . . - 7.*€.t^ „ 
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Spain. (Par value.) 

i/. » 97000 scudo = 25 '200 peseta = 2,520 centimos 
ij. = '4850 ,, = 1*260 ,, = 1,260 
\d. = -0404 „ = -105 „ = 105 






Sweden. ( Par value. ) 

i/. . . =i8*200 crowns . . » 1,820 ore 

I J. . . = '910 ,, . . =^ 91 ,, 

\d. . . = '076 ,, . . = 7*6,, 

Tu RKEY. ( Par value. ) 

i/. . . = IIO'O piastres 

\s. . • = 5*5 >> • • = 220 paras 

\d, . . = -46 „ . . = 18-3 ,, 

Venezuela. 

i/. . . = 25*220 bolivars . .= 50*44 decimos 
IJ. . . = 1*261 ,, . . = 2*522 ,, 

\d, . . =« *I05 ,, . . «= '210 ,, 



Example d. How many Chinese taels are contained in 
10 Mexican dollars, the former at intrinsic value of 42^. 
per oz., the latter at par value ? 

First operation : To obtain the current value in Chinese 
taels of i/. sterling. 

42 : 44:: 4-28 : .v=4*48 

Second operation : To obtain the value of 10 Mexican 
dollars in taels. 

6-i6 : 4-48:: 10 : 7-11 taels 

Example e. How many Japanese yen at 44^. per oz. 
should one receive for 105 U.S. dollars at par value? 

4*87 : 6-50 : : 105 : x 
^=140 yen 44 sen 
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CHAPTER IX 

INSTRUMENTS 

Levels and Levelling 

The necessity for condensation has led to the insertion 
here of all that can be said within our limits upon the theory 
of levelling instead of giving it a separate chapter. It will be 
attempted to- place the fundamental principles of levelling 
and the adjustments of different kinds of levels in a practical 
and simple light. The abstruse disquisitions upon possible 
sources of error in levelling to be found in proceedings of 
learned societies have no place here. The surveyor ought 
to be able to put his instrument in adjustment every morning 
without referring to a book, and considerable space has 
been required to make the reason of each adjustment plain. 
Secondly, he should be alive to the limits of error arising 
from taking long or unequal sights, curvature of the earth, 
&c., so that on the one hand he should be prepared to 
adopt extra precautions for special cases, and on the other 
hand not to waste time upon refinements which are not 
essential to his object. 

The adjustment of the level is also the foundation of the 
adjustment of the theodolite and tacheometer. This is 
shown in Fig. 88, where the error in the line of sight is 
treated as a vertical angle which has to be eliminated 
similarly to the index error of a theodolite. 

For these reasons, the lion's share of this chapter has 
fsiVitn to the subject of levels. 



Tkeokv 

Two points are said to be upon the same level wh« 
f are equidistant from the earth's centre : conseqently,, 
/ /fne cannot be strictly speaking a straighl line. It 
1 parallel to the curvature of the sea. A horisontal line 
parallel to a tangent to the earth's circumference, an 
irefore a straight line. In common parlance, the won 
rvel and horizontal are synonymous, and it would be pedant 
> endeavour to keep their application wholly distinct, bl 
he difference is mentioned because it conies into tt 
Question of adjustment for 'coUimation.' 

A level adjusted horizontally will not represent an obje 
s high as it really is. This is proved by looking at the to 
*:>f a vessel's masts when just appearing above the horizoi 
JK level would report the mast-head to be at the 
elevation as the observer's eye, whereas it would be perbaj 
fifty or iDD feet further from the earth's centre. 

The object of the leveller is to determine the relalii 
elevations, or heights above sea-leve!, of points upon th 
s surface, which is the same thing as their different 
f distance from the earth's centre. 

light always travels in a straight line, unless diverte 

1 path by the medium traversed. The bending ( 

I %ht by the atmosphere is called refraction : see Glossary. 

Levels are either adjusted with the line of sight, hor 

mtal, and consequently subject to correction for bot 

I curvature and refraction, or else they are adjusted with th 

line of sight parallel to a chord of the earth's circumferenc 

to allow for curvature and refraction, as by Mr, Gravat^ 

method, described in ' Heather on Instruments.' 

Refraction makes objects appear too high, consequentl 
it counteracts to a small extent the effect of curvature, 
varies with the state of the weather, but as regards levellii 
it is quite near enough to assume it at its average a.vs\w 
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at sea-level. That is '095 of a foot at a distance of a mile, 
and varying directly as the square of the distance. 

The Curvature of the earth at a mean radius is='667 
foot at a distance of a mile, and also varies (within a limit of 
many miles) directly as the square of the distance. The 
allowance to be made for refraction and curvature at a distance 
of a mile is therefore '572 foot, or for any distance in miles 
up to 100, more exactly, the correction to be added^i^ 'ST^I ^^' 

Table L. — Correction for Curvature of the Earth. 



Dislancc in feet 


Correction + 


Distance in miles 


Correction + 


250 


•00149 


•25 


•0356 


500 


•005 1 1 


•50 


•143 


750 


•01 16 


•75 


•321 


1,000 


•0205 


I'O 


•572 


1,250 


•0320 


1-25 


•893 


1,500 


•0460 


1*50 


I 286 


1,750 


•0620 


1*75 


1*750 


2,000 


•0820 


2^0O 


2*287 



Whether the line of sight is adjusted tangentially or to 
a terrestrial chord, if the back-sights and fore-sights are of 
equal length, there will be no error in the result on account 
of curvature. The correction to be added in each case is 
entirely dependent upon the excess in distance of the one 
sight over the other. Thus with a back-sight of 300 feet, and 
a fore-sight of 900 feet, the correction of ^002 foot for the 
back-sight would have to be taken from the correction '017 
for the fore-sight, leaving an additive correction of '015 foot. 
But if the back-sight is longer than the fore-sight the correc- 
tion will be subtractive. Now with the ordinary i^" level, at a 
distance of 500 feet a?i abnost imperceptible movement of the 
bubble from the centre of its run will produce a difference 
in the reading of '03 foot, amounting as it does to about one 
second of vertical arc, or the twentieth part of one of the 
small subdivisions usually marked upon the level bubble. 

There arc not many men who would have the hardi- 



Instnimciits 289 

of - Swear to their levels to one-hundredth at the distance 
ti^^ ^ feet with a 14-inch level ; but it will be seen from 
Q » ^^^ that both instnwient and man must be true to half 
^jj. , ^^cdth every time at a distance of five hundred feet, 
Qf , ^ they may as well leave curvature and refraction out 
^^^^ir calculations. It was partly ( i ) to obtain this minute 
Q^ /^cy, and partly (2) to set the line of sight in the exact 
^1 , ^^1 axis of the telescope, that Mr. (Iravatt invented his 
^ ^^rate * three peg ' adjustment. To go through a tedious 



It 



^ss to obtain the first condition is a waste of time when 



1 ^an be added for special exactitude from the table, but 
^ides that, the condition is only really fulfilled for the 
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Fig. 86. Dlmpy Lp:vf:l. 

A. A. Plane of rotation ; a. a. adjusting screws to same. 
1^. B. Horizontal bar ; b. adjusting screw to same. 

C. C. Line of sight ; c. c. adjusting screws to same. 

D. D. Bubble tube; d. d. adjusting screws to same. 

length of base used in the adjustment ; it produces an e(]ual 
and opposite error at a midway i)oint to what is produced 
by a horizontal adjustment at the further point. This is evi- 
dently the case from the fact that no line of sight can be 
made to follow the curvature of the earth. The second 
condition is not essential to correct levelling, but it can be 
fulfilled by a perfectly simple and rapid process, as will be 
presently shown, but a few words are first needed on the 
organic principle of the level whether Y or dumpy. 

The spirit-level, like the plummet, is a device for utilising 
the law of gravity to establish a horizontaX ot ^^r^^xv^\^>:^'^^ 
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line. Either of them can, by means of a square, do the 
work of the other. 

If we fill a bottlS nearly full of water and cork it, the air- 
space is always at the top because the water is heavier. If 
• we turn it on its side on a level table the air-space will if 
very small form a bubble which will stop in any position 
along the side, because, the sides of the bottle being parallel, 
no one part is higher than the other. 

The level- tubes of good spirit-levels are very carefully 
ground to a true cuiTe, so that a movement of the tube in a 
vertical plane is equal to the right or left for equal vertical 
angles. The worst kind of level is that which has hardly 
any curvature and is everlastingly getting off the centre with 
inappreciable vertical movements. A bubble-glass which is 
not perfectly uniform in curvature requires more care than 
a perfect one, but correct levelling can be done with it 
also. 

Suppose now a bubble-tube with legs like the striding 
bubble of a theodolite standing upon a table. If the bubble 
be at the middle it does not prove the table level. It only 
proves that either the table is level or else it has a slope 
which is equal to a corresponding inequality in the length 
of the legs. For if we reverse the bubble-tube end for end, 
the bubble may be displaced from the centre. If the bubble 
remains in the centre when reversed it proves jfr^/Zv that the 
table is horizontal ; seco?idfy, and in consequence, that the 
legs of the tube are equal. We catmot reverse a bubble upon 
a sloping plane. I'he first thing therefore in the adjustment 
of the level is to make the plane of rotation AA (Fig. 86) 
horizontal, which we can do whether the line of sight is 
horizontal or not, and it is therefore here mentioned 
first. 

The correctness of the bubble is the basis of all the 
adjustments. U'he common expression, * correcting' or 
' adjusting ' the bubble, is a misleading one. The only 
correction suitable to a defective bubble -tube is to break it 
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up, because nothing can correct an imperfect grinding. 
When the bubble-tube is truly ground, the bubble is always 
at the top of the curved surface, and just as a plummet 
gives the vertical, so the bubble gives a true horizontal 
line. It is the different parts of the instrument, such as 
the plane of rotation and line of sight, which have to be 
adjusted to the bubble, and not the bubble to them. The 
test of accurate grinding is by marking and measuring the 
travel of the bubble within equal angular movements in 
opposite directions. When tJie bubble-tube 7nay be turned 
completely round without disturbing the bubble from the centre 
of its run it proves that the plane of rotation is horizontal. 
It is not necessary for practical levelling that the line of sight 
should coincide with the optical or focal axis of the telescope 
tube ; it is sufficient for it to be sensibly horizontal within 
the range of the focussing screw, and therefore parallel to the 
plane of rotation. 

When both the plane of rotation and line of sight are 
horizontal, if the telescope tube is not parallel to them, the 
line of sight cannot be in the optical axis and will be 
theoretically thrown out of its horizontality by actuating the 
focussing screw. This fact is met by another, which is that 
the adjustment is made for the longest distance that the 
telescope will read correctly, and in that position the move- 
ment of the focussing screw is not sufficient to produce 
sensible error. It is only when the distances are very short 
that the effect would be appreciable, and then the divergence 
of the line of sight has not sufficient distance in which to 
accumulate sensible error. 

The travel of the diaphragm in a vertical plane is so small 
compared with the field that if the hairs are displaced as far 
as they will go and the instrument adjusted to horizontality 
by the method described on p. 296, it will give the same 
difference of level when set up midway between the stakes 
or close to either of them. 
, The method given here will, however, inclvid^ ^w ^xxvc^'ex 
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perfect coincidence of the line of sight with the optical axis. 
It makes all four lines, AA, BB, CC, DD, in Fig. 86 
perfectly horizontal. It takes a quarter of an hour the 
first time, and five minutes when the pegs are driven and 
their difference of level known. 

The adjustment of the plane of rotation is analogous to 

> 
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Fig. 87. 



that of the striding bubble on a table alluded to on p. 290, 
and will be therefore illustrated in that manner. Referring 
to Figs, rt', d, c, d, e, the line with hatching represents 
the plane upon which the level stands. In the case of a 
theodolite it would be the plane passing through the trunnions. 
In the case of the Y or dumpy it is AA, Fig. 86, the plane oi 
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rotation. It is supposed to be inclined to the horizontal by 
an angle =0. The bubble-legs are drawn of unequal length 
to represent in an exaggerated manner the error of adjust- 
ment which may be in these legs or in the little legs d, d, 
Fig. 86, and for adjustment of which capstan-headed screws 
are provided. The angle of error by which the feet are 
supposed to be out of parallel with the axis of the bubble 
(that is with a tangent to the upper curved surface of the , 
bubble-tube) is 3. It does not matter what proportion each 
error bears to the other ; they can at once be removed. 

In Fig. a the striding bubble is placed so that the two 
angles augment the divergency of the bubble from the centre 
of its run, which becomes=0 + ^. In Fig. d the level is 
turned end for end and the error becomes ^ — f^. 

Now if we bring the bubble from its position in Fig. a 
to the centre of its run, as shown in Fig. c, correcting the 
total error ^ + 6, half by the screws on the bubble, and half 
by altering the incHnation of the plane (in the transit by the 
capstan-headed screws under the trunnion), we shall obtain 
the following equation. 

Placing the striding bubble in the position of augmented 

error, Fig. a, and deduct ing^^^ from H gives i i^ — ^)- 

2 

Deducting - — from 6 gives ^ (^ — 3) or — ^ (3 — 0), 

that is to say, the error of the bubble and the plane in Fig. c 
will each then be equal and op])osite. 

If, now, we reverse the striding bubble into the position 
Fig. d, the reduced error of the bubble will be c — 6, and if 
we bring it to the centre of its run by equally dividing the 
error as before, the error will be eliminated, as in Fig. e. 

Example, The error of the plane was +5°, and the 
bubble 7°. Placing the latter so as to augment the error, 

2 

70-6°= + i°=i' 



;•. ^" 
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Roversing, as in Fig. </, combined error= —2°, and again 
levelling with halved correction, 

2 

Probably the correction will not be accurately halved 
the first time, and if very much out of adjustment it will 
lake three or four trials. 

The ordinar)' tradesman's level is planed or ground on 
its base to a true parallelism with the axis of the bubble, 
and can only be adjusted, if out of order, by re-planing. 

1. To adjust the plane of rotation for either Y or dntnpj 
le7*els. Bring the bubble to the centre of its run over a pair 
of parallel -plate screws. Turn the telescope 90°, and repeat 
over the opposite pair of screws. Bring it back to its first 
position, and retouch the parallel-plate screws. Turn the 
telescope 1 80°, so as to be over the first pair of screws, but 
end for end. If the bubble is off the centre, correct half 
the error by the screws ^, d^ and half by a, a, Fig. 86. Repeat 
until the bubble remains central in each position. Turn 
the telescope 90°, and retouch the parallel-plate screws so 
as to bring the bubble to the centre, after which it ought 
to revolve completely in a central position. If it will not, 
it proves that the plane of rotation is not accurately ground, 
or that it has become worn by sand or what not, so that it 
is impossible to produce horizontality in all directions over 
its surface. This, of course, could only be remedied by ^ 
maker, or the instrument could only be used by adjusting 
the parallel-plate screw^s at every sight. 

2. To remove parallax in Y or dumpy levels. This is at^ 
adjustment of the eyepiece to bring the cross hairs into the 
common focus of the eyepiece and object-glass. Som^' 
times, with very short-sighted people, the little brass tub^ 
into which the eyepiece f\ts \\as xo \ic ^o>\tv^ ^q^\^. 



' Instruments 



295 



The adjustment is performed by directing the telescope 
upon a distant object, and first focussing the object with 
the focussing screw, then the cross hairs with the eyepiece, 
until the object is seen perfectly distinctly, and the hairs 
are clear and do not appear to shift when the eye is 
moved. 

3. To place the line of sight approximately in the optical 
axis of the telescope. Dumpy levels. Hold the staff about 
thirty feet off, with a sheet of white paper against its back. 




Direct the staff-holder to mark with a pencil the top and 
bottom of the circular field made upon the paper. If 
possible, let the staff be held against a wall to steady it. 
Bisect the space between the pencil marks, and mark the 
centre. Bring the axial hair to coincidence with this 
mark by the screws c, c, Fig. 85. The hair will be then in the 
centre of the shutter, and if the shutter is concentric with the 
tube, which it is in all properly constructed instruments, and 
. if the glass is perfectly ground, it will also he in the optical 
axis.* In any case it will be quite near enough to avoid all 
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error, since it is not from this adjustment that the line of 
sight is made horizontal. When this is done, the screws 
I, c need never be touched unless the hairs are broken. An 
ivory scale fastened against a wall will enable the foregoing 
to be done without assistance. 

4. To make the line of sight JiorizontaL See Fig. 88. 
Drive two pegs on nearly level ground about a hundred 
|)aces apart. Set up the level so close to one of them that, 
when the levelling staff is held upon it, the eyepiece will be 
about half an inch away from it. 

Level the instrument very carefully, and look through 
the object-^lass at the staff, swaying the latter gently until 
it conies into the focus of the eyepiece about half an inch 
from the face of the staff. Mark the staff at the centre of 
the field, which will be about one-eighth of an inch in 
diameter. Book the height, which we will call instrument- 
lieight A. Then remove the staff to the distant peg, and 
with the l)u])l)le in the middle, read the height there in the 
usual way, and rail it staff-reading B. 

Next carry the instrument to the distant peg, and set it 
up, carefully levelled, close to the staff, taking a similar 
reading through the object-glass, which call instrument- 
height A'. Remove the staff to the first peg and read it, 
calling it staff-reading B'. Now referring to Fig. 88, if the 
line of sight had been parallel to the bubble, it would i)e 
represented by the two horizontal lines in the figure, and the 
difference of the readings in each position would be the 
same, that is to say A— B'=B — A'. 

When, however, the line of sight is inclined to the axis 
of the bubble, as shown on the figure, it makes a vertical 
angle of elevation or depression =(i. In the case illustrated, 
being an angle of elevation, the first difference of readings 
is augmented, and the second difference of readings is 
diminished by that angle. 

When, therefore, the difference of readings at A, that is 
^—W, is less than the d\^exeT\ec^ o^ x^;5l^\x\^^ ^\. ^.•^^^-'^'^ 
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^—A', the line of sight * throws' upwards, and when more 

it * throws ' downwards. 

We can express this more simply by the following : 
Rule, When the sum of the instrument-heights A + A' is 

, — the sum of the staff-readings B + B', the line of 

more than 

sight throws , P- — -, and the half difference is to be 
downwards 

— — the second staff-reading. 

added to 

This last clause needs a little explanation. The dif- 
ference of the two differences (B — A') — (A— B') clearly 
measures double the angle ^, The above may be written 
B + B'— (A' + A), and this is twice the error. In the illus- 
tration, as the line of sight threw upwards, it has to be 
deducted. 

The crucial test of this method is that wherever the 
level is placed when the adjustment is complete, whether 
touching either of the staves or midway between them, the 
difference of level recorded is precisely the same. 

The angle is caused by the line of sight not being 
parallel to the plane of rotation, and having determined its 
amount, we eliminate the whole of it by the screw ^, Fig. 86, 
by screwing it up or down until the reading on the staff is 
corrected by the amount which measures the angle Q on the 
staff. This will of course disturb the bubble, and we bring 
the bubble back to the centre of its run entirely by the 
screws d^ d. It will be noticed that we have kept the plane 
of rotation horizontal all the ti7?ie, and we have now all four 
lines horizontal. 

The correctness of this adjustment can be seen by 
treating the Y level in the same manner, for it will be found 
when completed that the Y's can be thrown open, and the 
telescope reversed end for end without disturbing the 
centrality of the bubble. 

We could have produced horizonlaWx^ m \\\^ \vc\^ ^^ 
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sight by correcting the final error by the screws ^ r, and 
neglecting the third adjustment altogether, but the method 
as given is the best. 

When, however, there is no screw d. Fig. 86, under the 
horizontal bar, as is freciuently the case with the smaller 
dumpy levels, the parallelism of BB with AA can only be 
corrected by an instrument-maker. We cannot then use the 
third adjustment on p. 295. We make the first and second 
adjustments and then proceed directly to the fourth, making 
the final correction with the collimation screws r, c, Fig. 86. 
If the level is properly made, the parallelism of BB with 
AA will be quite near enough to bring the line of sight 
sufficiently close to the focal axis for all practical 
imrposes. 

Example i. (Line of sight throwing upwards.) 

Nt'adift}:;s at Station A, 

lit. of lust. :it A. ... (A) 5-23 
StaO'-rcail. at U 5-15 (B) 

Nt'adiiii^s at Station H. 

III. uf inst. at ». ... (A') 4-63 
StalT-rcad. at A 5*03 (H') 

Sum of staff readings . . io-i8(BtB') 

Sum of inst. heights 9-86(A + A'j 

Difference ..... '32 



Half ilifference .... -16 

Reading of true horizontal line from B=5*03— '16== 
4*87. To whi(*h reading the cross hairs are to be broug^^ 
by the screw h. 

Example 2. (Line of sight throwing downwards.) 

NcaiiinfTs at Station A. 

III. of inst. at A. . . . 5-08 (A) 

.Sfa/1-rending at U V^^^.^'"* 
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Readings at Station B. 



Ht. of inst. at B. 
Staff-reading at A. 



Sum of inst. heights 
Sum of staff-readings 

Difference 
Half difference 



4-95 (A') 
. . . 4-55 (B') 



io-o3(A + A')^_. - 



•32 



16 



Reading of the true horizontal line of sight from B= 
4'55^*i6=47i. 

The difference being the same in these two examples is 
a mere coincidence. 

The difference of level between the two pegs might have 
been determined by setting up the instrument midway 
between them, and taking readings alternately on one and 
the other ; but the method as given takes no longer, and 
needs no measurement. 

When^ however^ the difference of level is known^ the 
instrument need only be set up beside one of them. 

When the adjustments are completed, particular care 
should be given that all the screws are tight ; if not the 
adjustment will last but a very short time, but if carefully 
made it will probably not need touching after a month's 
steady work. Every day before starting, five or ten 
minutes at the peg will suffice to show that all the adjust- 
ments are in order. 

Adjustments of the Y Level 

1. To adjust the plane of rotation horizontal, see 

p. 294. 

2. To remove parallax, see p. 294. 

3. To place the line of sight in the optical axis. 
Direct the telescope on some clearly defined point, and 
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intersect it with the cross-hairs, revolve the telescope half 
round in its Y's (being careful not to rotate it on its plane}. 
If the object is not still intersected, correct one half by the 
screws r, <*, Fig. S6, and the other half by the parallel-plate 
screws (the horizon tality of the plane of rotation has nothing 
to do with this adjustment). Repeat until the intersection 
is the same in all positions. 

.|. To make the line of sight horizontal repeat No. i 
adjustment and open the Y's. Reverse the telescope end 
for end. If the bubble is not still central, correct half the 
error by the screws dy d^ and half by b. Repeat until the 
telescope can be reversed without disturbing the bubble. 
1)1) and WW will then be both horizontal. 

5. 'i'o place the bubble axis in the same vertical plant 
with the axis of the telescope. 

An error in this respect is detected by the fact of the 
bubble not retaining its central position when the telescope 
is turned a little way in the Y's. The two ends of the 
bubble are not (juite in line, consequently as the telescope 
is turned, one end rises a little before the other, and this 
error is corrected by the capstan -headed screw at the sidi 
of the screws which correspond to d^ but are only found in 
Y levels and not shown on the figure. 

The Y level has the advantage of requiring no peg- 
adjustment for colli mation. The dumpy level is handier 
for small sizes. English surveyors prefer it on the ground 
of its supposed superiority to the Y level in retaining its 
adjustment. This of course is a consideration when they 
are in the habit of sending their level to the makers for 
adjustment. The writer does not hold that view, but 
believes the Y level will retain its adjustment just as w^ell, 
last longer without re-grinding of the axis, and is adjusted 
in the field in a few minutes. The peg adjustment of the 
dumpy in the usual form of the text-books is a great bug- 
bear to young engineers, so it brings much grist to the 
instrument-makers' miW. 
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The Y level is almost exclusively the type adopted in 
America. 

A modification of Y level has been recently introduced 
by Messrs. Cooke and Sons, of York. The principal dif- 
ference is that the telescope is contained in a shorter ex- 
ternal tube terminating in sockets into which the telescope 
fits very exactly ; it is reversed by withdrawing it most care- 
fully, and inserting it end for end to obtain the adjustment 
No. 4, on p. 296. Never having used this instrument, the 
writer does not wish to speak decidedly about it. Coming 
from that firm, the workmanship would no doubt be excel- 
lent, and that always means an instrument which will retain 
its adjustment well. Oi^ the one hand it must be less liable 
to wear in the bearings, and on the other hand, more 
awkward to reverse it when it needs adjusting. 

The wear of ordinary Y's can be corrected by the screw 
b, Fig. 86. 

Level-staves 

Two types of these are used : those in which the sight is 
taken on a sliding vane or target, painted black and white 
so as to obtain very precise intersection with the cross hairs. 
On the target is a vernier which reads with graduations on 
the staff. This type is still somewhat used in America, but 
hardly at all in England. It can be read at a greater 
distance than the graduated rod, but requires an assistant 
who can be depended upon to book the readings correctly. 

Graduated rods are usually marked by lines across at 
every hundredth of a foot, the spaces being alternately 
black and white. 

When the staff is used for telemetry, it should have a 
device for ensuring that it is held at right angles to the line 
of sight, or else plumb according to the manner of working. 
For colliery work, an illuminated staff has been successfully 
employed having the figures painted on glass, and a lamp 
carried in a. thin casing at the back of thercv. 



302 



Preliminary Survey 



Different Methods of Keeping the Fieldbook 

The ''rise andfalV Method 

This is the most rigorous plan. The reduction of inter- 
mediate sights forms a check upon the turning-points. The 
form of fieldbook is as under : 
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By keeping the reduced levels of the intermediate 
Separated from the turning-points, the independent check 
of back-sights and fore-sights is more conveniently applied 

at any time, and it should be done at the end of every 

page. 

The CoUhnation Method 

This is almost exclusively used in North America, and 
to a large extent in the Colonies. It is much ([uicker, and 
will receive a little more explanation because it is the 
foundation of the tacheometer fieldbook. It has the dis- 
advantage of greater liability to error in the reduction of the 
intermediate sights, each calculation being independent ; 
but as it enables the railway surveyor to put in his gradient 
stakes without first sitting down to reduce his levels, its 
advantages are deemed to outweigh the one disadvantage. 

The back-sight by this method becomes a plus sight, and 
the only one. All the intermediate sights and the fore-sight 
are minus sights. 

In Fig. 89 the operation commences with a back-sight 
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Fig. 89 



to determine the elevation of the line of sight, commonly 
called * collimation ; ' the staff-reading of 9*00 feet being 
added to the known or assumed elevation of the fiducial 
point on which the staff is held at starting. The collimation 
l>eing known, the elevation of any other point which can be 
seen is equal to the collimation height less the reading on 
the staff, and the reduction of the levels is relieved of the 
column of rise and fall 
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The best rules for precise levelling are — 

Firsf. To adjust the line of sight truly horizontal, /. e. 
tangential to the earth's circumference. 

Second. Not to allow any sight to exceed 250 feet 
distance with a 14-inch level or less with a shorter one. 

Third. To keep the back-sights and fore-sights as nearly 
as possible at equal distances. 

Fourth. When back-sight and fore-sight are at unequal 
distances to correct by table — by adding to every sight the 
tabular amount where it is not less than 'ooi. It will be quite 
near enough to measure the distances with a passometer. 



Theodolites 

'J'hc ])lain theodolite for ranging base lines and (^.unes 
is the foundation of most tacheometers. The two types in 
use are the Y and the transit. For ordinary work the 
transit is very much to be preferred on account of the 
liability of the hne of sight to be shaken off its position when 
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reversing the telescope in its Y's ; the time taken in rever- 
sing ; and the danger of leaving the clips loose and dropping 
the telescope out when shouldering the instrument. 

When telemetric work is the chief use of the instrument 
the Y type has two advantages which bring it more into 
competition with the transit. 

I St Within a considerable range of vertical arc, a tele- 
scope of twice the focal length usually supplied can be 
safely and steadily carried in specially constructed Y's. 

2nd. The adjustment for collimation is made more 
rapidly. 

On the Hawaiian survey, the author used a seven -inch 

Y theodolite by Elliott Brothers, carrying an eighteen -inch 
telescope with eyepiece magnifying forty diameters. It was 
furnished with stadia-hairs reading i per 100, and a 
movable micrometer hair for long distances. It was a 
heavy instrument, but, being of such long range, did not 
want so much shifting. It was carried by one man, over 
very bad country, and was quite satisfactory. 

The adjustment of the Y theodolite is the same as the 

Y level for parallax collimation and bubble. The zero is 
then brought to coincide with the zero of the vernier of the 
vertical arc when the bubble is at the centre of its run. This 
is done by means of a small screw fastening the vernier of 
the vertical limb to the vernier plate over the compass-box. 

The adjustment of the horizontal limb is the same as 
that for the transit theodolite. 

Stanley's New Patent Telemetrical Theodot.ite 

Stanley's New Telemetrical Theodolite, Fig. 90, has the 
following improvements : A tribrach stage instead of four 
parallel screws, which permits the instrument being used on 
a wall without the legs, and prevents all possibility of strain- 
ing the centre. 

The instrument has a mechanical stage for shifting the 
centre with exactness over the desired spot. 






* These nexccr rt^c »ir break, and JM am idWBf^' 
e ejrepKc« a also fitted with two venkal ady^ 
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A long trough needle is supplied with each instrument 
in place of the usual small circular compass. 

The head of the tripod is of an improved form, giving 
greater rigidity. 

The transit-theodolite is the basis of the author's tacheo- 
meter, and the following description will embrace all that is 
required for the use and adjustment of the ordinary transit, 
together with the special points of difference in his parti- 
cular design. 

Gribble's * Ideal ' Tacheometer 

The author has been fortunate enough to be able to ex- 
periment a good deal in instruments without so much Out- 
lay as most inventors in that line. He has been able to 
dispose of his theodoHtes in foreign countries and then get 
new ones. The * ideal ' is the fifth instrument specially 
designed by him for preliminary survey. There is really 
nothing original about its principle, and yet in its actual 
form and combination of parts it is unlike any other instru- 
ment he has met with. 

The principal features of novelty are : 

First, A decimal subdivision of tire ordinary degree of 
90 to the quadrant. 

By this means all the advantages of the centesimal 
graduation are obtained whilst retaining correspondence 
with the published astronomical ephemeris. 

Tables to five places of decimals for the trigonometrical 
functions, together with logarithms of numbers to five places, 
can be procured from Messrs. Ascher & Co., Bedford Street, 
Ix)ndon. They are compiled by Dr. C. Bremiker, and cost 
\5. 6d, bound in cloth. They are the only tables extant for 
this graduation. Transits can be adapted by merely changing 
the vernier.* 

* It is the original graduation of Briggs in 1633, followed by Roe 
and Oughtred, in which they endeavoured to get rid of the senseless 
ifexagesjmal subdivision, which survives in spite of them. 

^ 1. 
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Slide-rules graduated decimally can also be obtained, t 



^ Same price as for the sexagesimal subdivision, from either 
^^Ssrs. Tavemier & Gravet at Paris or Messrs, Davis & Sons, 

, Curve -ranging and tacheometry are especially facilitated 
y this graduation : see Chapter VII. 

Secondly. The advantages of a glass diaphragm are 
^otained without the usual drawbacks. The loss of light is 
^educed to a minimum, and the diaphragm can be removed 
Vrithout disturbing the micrometer diaphragm, if it should 
be found necessary to clean it. Its adjustment does not 
require the delicate handling which is needed for the micro- 
meter hair, so tliat any one who can adjust a transit can 
adjust this instrument with greater ease and in less time. 

Thirdly. The instrument is a combination of the stadia 
principle within the limits of legibility of the figures upon 
the staff, togctherwith the micrometer principle for sights at 
longer range ; the level staff being adapted for use either 
on the one principle or the other. 

Fourthly. The telescope is of unusual power ; probably 
no instrument has yet been constructed of the same lightness 
and portability with a magnifying power of fifty diameters. 
It is consequently equally well adapted to astronomical 
observations and long-range sights of the staif. 

Fifthly. It combines minuteness of levelling power with 
lightness of construction by making the vertical arc 6 inches, 
and the horizontal arc s inches diameter. Both arcs read 
-with the vernier to 'oi degree, wliich is equal to 36 seconds, 
but the vertical arc can be estimated by the eye to 1 8 seconds. 
In laclieometry it is generally sufficiently accurate to read 
^the horizontal line to the nearest minute, which is more than 

jned by the five-inch circle, and the saving in weight is 
iderable. The trunnion standards also are stayed. 

Sixthly. It has a wide range of efficiency. 

astronomical telescope, its power enables a good 
be takuii uf ^la yhiiYiuiwiiuB. ij^ ■^■\i\j\\.'«!^ 
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-aici; ti:;?, or tht: c^ImLnarion of one of the snuli sursintbe 
llri::-:. As-'jciaiion Catalogue, usee :n coaj-uiiction with a 
lunar tran-:: for determination of the longinide. 

A- a Miicr jinetcr telescope oi Long ran^e it will detenmne 
di-tuMces with ronsiderable accuracy at several miles. Asa 
tacnomcicr it i> of superior power to any the writer has yel 
met with. 

A- a handy theodolite for ranging base-lines and railway 
nirvos. it has none of the complications of the Wagner- 
1' cnncl Tacheometer, the Eckhold Omnimeter, or the Potto 
type of telemeter. It has the appearance of a medium sized 

simple transit theodolite and can be 
more easily adjusted. 

The appearance of the diaphragm is 
not so complicated as the usual tacheo- 
meter. Only the axial lines are drawn 
across the glass, the rest are replaced 
by ticks which cannot possibly lead lo 
confusion. 

I'he ticks a and b are the stadia 
]inc>). The vertical licks, or comb as they are called, are 
spa<:es of loo micrometer units, or 1,000 units on the 
micromcler vernier. 

A three-screw or ' tribrach ' stage has been adopted to 
av(;i(l strain on the pivot and expedite the adjustment. A 
(:eiitt:ring arrangement was at first included, but has been 
krlt out of the last instrument made. Where the chief use 
is for slicjrt bases with the chain, or curve-ranging, the 
centering clamp is a convenience, but it weighs from 4 ^^ 
5 pounds, and in tacheometry the bases are long, and the 
instrument is not so frequently shifted. Any small errors 
from the width of the staff as a picket, or from inaccurate 
centering, are eliminated by the observation for azimuth. 

'i'he addition of another lens as first introduced by Po''''^ 
to make the centre of anallatism (see Glossary) coincide 
W'/ih tijc vertical axis \\as b^vttv ^^xv^oxv^i^. "YVva cQtistant 
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I instrument is from f7S to 2'o I'eet, according to size, 

has proved that no time need be lost nor any 

Ike made in adding this constant. It is not worth any 

ft, expense or loss of light in order to eliminate it. 
istead of the ordinary compass-box, a trough-needle is 

jtituted, which saves the headway under the telescope, 
iswers the purpose of obtaining the magnetic variation 
e commencement of the work equally well. 

A word of caution is needed about the use of the tribrach 
Stage. A very grave defect exists in the form frequently 
supplied to theodolites, namely, that the clamping plate is 
not left attached to the parallel-plate screws when the 
instrument is put away in the box. It forms a separate 
piece. In addition to the extra trouble in packing away, it 
is a great danger, inasmuch as there is no warning to the 
surveyor, who may chance one day to leave Iiis clamp open. 
With the old-fashioned screw head, his instrument may be 
loose and turn once or twice round without falling, but one 
slip of memory with the clamping plate and it would be 
sudden death to his instrument the moment he shifted it. 
To remove this danger, a screw is put into the clamping- 
plate, which has to be removed if the transit has to be set 
on a wall. Comparatively few surveyors use it thus, and it is > 
generally preferable when taking observations extending over 
several days to drive very solid pegs 4" x 4" into the ground 
and cut notches for the feet of the tripod. At any rate, it 
is so very seldom that the instrument requires to be taken 
out of the clam ping- plate, that it is a most mistaken plan 
to risk the safety of the instrument in order to make it 
easily removed. In the ' Ideal ' tacheometer, the instrument 
packs into its case in two pieces 

For -istronomica! observation, the usual diagonal eye- 
piece and lamp for illuminatmg the axis are provided. 

The plummet is suspended from a short chain, which is 
a. fixture with the instrument It is preferable to a rigid 
I %OCdi^ whi(.h IS liable to get beuL The \\iwV ol X.W c^nw. 
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is strong enough to carrj- a heavj- weight for steadying ihe 
instrument in a high wind The distance of the hook ftom 
the ctntrc of tht trunnion fonns with that from the initial 
|)i)int of .T 5 feet steel spring tape 1-50 feet, so asieadily 
lo take the lieight of instrument as an independent cbect. 

'I'he liox of the steel tape forms for ordinal}- use ibe 
plummet, liut for special accuracy a pointed plumniei is 
also provided. 



Adjustments of the 'Ide-4l' Tacheometer 
Supposing that the micrometer hair has broken, «e 



(. Putting in a spider hair. Prepare the rectai^lat 
frame shown in Fig. 93 of copper wire, ^'^ diameter or 
thcrealiout, soldered together. Catch a field spider and let 




him drop by his web from one end, then wind round the frame 
till full. Preserve it at the bottom of the level or transit ease 
ill a little casing with blocking strips to keep the web from 
rubbing off. It wiH then be ready for use at any time. The 
points where the web touches the frame should be tipped 
with shellac to fix thtm. 

I'lace the diaphragm on the table with a strong lighi 
bearing upon it. Tip with shellac the faint lines cut on 
it to mark where the web should go. Superimpose the 
web by delicately turning the frame until the web is in il* 
position. Hold it then; Vft\ *e, sVAX'aji caki^^vtiTx g,enllj 
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pressing the web, so that it shall be quite taut. Remove 
the frame, and the web will be left in position. 

2. To replace the diaphragms. To put in the glass 
diaphragm requires no description. To replace the mov- 
able diaphragm, hold it by a pair of tweezers while insert- 
ing the capstan-headed screws. Turn the screws until the 
hair is as nearly vertical and as near the middle of the tube 
as can be estimated by the eye. Leave the micrometer 
screw till the last thing. Slide the movable hair to one side 
so as to be out of the way. 

Insert the eyepiece. 

3. To re7nove parallax. See p. 294. 

4. To make the line of sight correspond with the zero of tJie 
horizontal limb. Set the instrument as nearly level as can be 
done with the eye, then clamp the lower plate B, and, having 
undamped the vernier-plate A, direct the telescope on some 
well-defined object, and bring it into coincidence with the 
point of intersection of the axial lines on the diaphragm. 
Take the reading on the horizontal limb AB ; suppose it to 
be 20° 'oo ; then move the vernier-plate A half-round, turn 
the telescope over, and again intersect the object, taking the 
reading on the horizontal limb AB — suppose it 2 00° -04 ; take 
the difference between this and the first reading +180° 
(which in the present case would be 200°, and the differ- 
ence '04°) \ halve this difference, and subtract it from the 
second reading when it is greater than the first reading -f 
1 80°, and add it when it is less ; this is the mean reading 
(=2oo°-02). Set and clamp the instrument to this mean 
reading, and intersect the object by means of the screw 
which moves the glass diaphragm, sideways. Repeat this 
operation until the readings taken with the instrument in 
these two different positions, face right and face left, differ 
from one another by 180°. 

5. To make the line of sight correspond with the zero of 
t/ie vertical limb. It is not necessary that the line of sight 
should also be identical with the optical axis. See remarks 
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on levels, p. 291. Parallelism is sufficient Level the 
instrument carefully on the external axis, by means of the 
levels //, d on the horizontal limb AB ; next take a pair of 
verticals — i.e. on faces right and left to any well-defined 
terrestrial object ; set the vertical circle R to the mean 
of these readings, and clamp it ; now intersect the object, 
using the two screws c, z which clip the vertical circle 
K to the stud in the telescope frames N, N, and not 
the tangent screw W. When the readings on the right 
face agree with the left face, the index error will be 0. 
The clip-screws z, z are provided with capstan-headed 
locknuts, which should then be screwed home, as these 
screws are not used except for adjustment. The leather 
caps on the nuts of the clip-screws are to prevent their 
being moved by mistake instead' of the tangent screw. 
( )ne of them need never be touched. It can be marked, 
and only the other one used for releasing the telescope, so 
that ihc locknut on the untouched clip-screw will bring 
the vertical limb to its proper position when it is replaced 
without fresh adjustment. 

Example. \\'ith the telescope in its normal position 
observed the to[) of church spire. Vertical angle -fii°'i3. 
Rotating the horizontal limb and reversing the telescope, 
vortical angle= + i i^'iQ. Set the vertical limb at ii°*i6 
by the tangent screw A\', and make the line of sight intersect 
the object by means of the clip-screw, z. Then reverse the 
telescope, and rotate the horizontal limb to their original 
positions, and the vertical arc will still read ii°'i6. If not 
quite exact repeat the operation. 

6. To make the plam of rotation of the vernier plate 
Jwrizo?ital. Clamp the vertical limb R at 0°. Tighten 
the clamp-screw E, unclamp the vernier-plate A, and turn 
it round until the telescope is immediately over t\\'0 oi 
the parallel-plate screws I, I ; bring the bubble in the 
telescope-level P to the middle of its run by the screws 
/, I ; turn the vernier -plate i?>o'* ^o ^5iXo\ixvc\%^'^\&\g»io\)e 
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er the same screws, but with its ends in a reverse 

If the bubble of the telescope level does not 

in the middle of its run, bring it back to that 

half by the parallel-plate screws I, I, and half by 

'^'s gi g' This operation must be repeated until the 

remains accurately in the centre of its run in 

•sitions of the telescope ; now turn the vernier- 

until the telescope is directly over the third parallel- 

ew, and bring the bubble to the middle of its run 

ng that screw. The bubble should now retain its 

while the vernier-plate is turned completely round, 

that the plane of rotation is truly horizontal or 

to the axis of the bubble. 

o test the accuracy of the external axis. Clamp the 
)late to the lowel* plate by turning the clamp-screw 
loosen the clamp -screw E ; move the instrument 
5 external axis, and if the bubble retains its central 
during a complete revolution there is no error. If 
ts it is only to be remedied by the maker. If, how- 
ustment 6 is correct, the work will be correct. 
o adjust the levels on the vernier plate. These are 
des for approximate adjustment of the instrument 
is being set up. They are set true when the other 
mts are completed. 

^orizontality of the axis of the telescope. This is done 
striding bubble. See full description under levels. 

To test whether the vertical axial hair has been placed 
Heal line. This adjustment is not required in the 
tacheometer, but is added for the use of those who 
linary transits. It is not essential to correct work if 
rsection of the hairs is always observed, but it is 
;nt to be able to intersect an object with any part of 
cal line, and it is also useful for telling if a staff &c. 
ertical. 
he iiittTsectJon oi the axial lines otv sovwe. '^^xt^^^j 
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defined terrestrial object, such as the hghtning conductor of 
a building, or, failing any similar point, drive a stake loo 
paces off and put a nail in. Move the vertical arc up and 
down and watch whether the intersection point remains on 
the vertical line ; if not correct it by the diaphragm screws, 
and check over the former adjustments in case they may 
have become deranged. 

Other and very delicate adjustments are needed for 
special purposes, but the above are sufficient to put the 
instrument in ordinary working order. 

IT. To place the fnicrometer hair in position. Turn the 
spindle of the screw with the micrometer head removed 
until the hair coincides with the vertical axial line ; put on 
the micrometer head very carefully so that the zero is at the 
zero of the vernier. This needs practice and generally 
takes a few trials. 

12. To check the stadia /ifies. From the vertical axis ot 
ihc instrument determined by the point of the plummet 
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measure out on the ground the position of the anterior focus, 
that is a distance composed of the focal length of the object 
glass + the length from the vertical axis to the object glass. 
This is the centre of anallatism or point from which heights 
subtended by the stadia are proportional to the distances oi 
the objects. (See Chapter V.) In the * Ideal '/= 1 2 inches 
and ^=8 inches, therefore /-l-^=i '67 feet. Hold up an 
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ivory scale against a wall or house 80 or 90 feet away, 
and direct the stadia upon it. Suppose it is a sixty 
scale and the stadia subtend 662 divisions. Place a 720 
on the rule of the slide-rule, representing the value of 
a foot in divisions of a sixty scale opposite a i of the slide, 
and find the value in feet '9195 opposite to the 662 on the 
rule. Then with the steel tape measure from the centre of 
anallatism to the wall. If the stadia are set to t per 1 00, 
this ought to measure 91*95 feet. 

Suppose it measures 92-05 feet. Set the 91*95 feet op- 
posite the 92*05 feet on the slide-rule, and any distance can 
then be read off direct, by looking from one scale to the 
other and adding the constant. Practically the stadia lines 
are correct, and as it is not required to plot closer than a foot 
the constant of 2 feet is added to the number of hundreds 
thus subtended on the staff as the distance from the centre 
of the instrument. 

Another method when plotting to a large scale is to draw 
a circle with a radius==/H- Ground the trigonometrical station, 
and plot the distances (ex. the constant) from the circle. 

A check should be made on the foregoing computation 
of stadia by measuring a base of about 600 feet on level 
ground and reading the stadia there also. 

13. Toforfn a table of ffikro meter values with a ten-foot 
base. For this a long base on a tangent is needed ; a piece 
of level railway track is the best. The instrument can be 
set up a little beyond the B. C. point of the curve so as to be 
well off the track and out of the vibration of passing trains 
and yet in line with the tangent. 

Beginning at 500 feet the staff is held in i)osition 
with the vanes up, and the micrometer value is measured 
two or three times over. 

At each 100 feet up to about 6,000 feet, fresh readings 
are taken and booked. They are then plotted as follows. 
A differential curve is prepared by laying off on a sheet 
of drawing paper a horizontal base equal by scale to the 
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total measured length, and at every loo feet measuring up 
ordi nates ajual to the micrometer values. Between the 
hundreds, the values are interpolated by ordinates to the 
curve down to the tens, and the units are then interpolated 
hy sini|)le proportion with the slide-rule. 

'Hie cur\es arc ])ut in with ordinary railway sweeps. 

This will be found quite as accurate as more frequent 
observations in the field ; as a matter of fact, the cun-esviH 
soften several as]KTities due to eccentricities of obsenation. 

Printed profile paper with faint scale lines is convenient 
for this juirpose. 

'I'he * Ideal ' reads the level staff with the stadia up to 
I, GOO feet ; beyond that the micrometer is used. 

A close approximation to the actual magnifying power 
of the tclescoiHi may be very simply obtained in the follow- 
ing manner. Set it up at a distance of 20 feet from the 
anterior focus and cause a levelling-stiff to be held there 
])erfectly steady. The stadia will then subtend '2 upon the 
staff. Direct the lower stadia hair to some convenient 
figure such as 5*00 feet, then the upper hair will be at 5 "20. 
C)|)en the other eye and look with the one eye through the 
telesc()[)e, and the other unassisted at the staff, until the 
actual staff appears to be superimi)osed upon the magnified 
portion and you seem to see the one through t/ie other. 
Hook the two positions of the stadia hairs on the actual staff. 
Vox instance, if the eyepiece magnified 20 diameters, the 
stadia hairs would appear to cover 2ox*2=4 feet of the 
natural staff. The lower would then appear to be at 3*10 
and the upper at 7*10 feet. 

If there are no stadia hairs, 'take the top and bottom of 
the field and proceed similarly. 

Thk Sketch-board Plane-table 

Fig. 95 represents the present improved type of cavalry 
sketching-board as modified from Col. Richard's original 
design by ('apt. \Y\\\o\\g\\b7 N^\xvex, >«\\o^^ ^<s^^-'^viVc\x\\v^ 
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and ivi on iiai stance in Kgypt form an interesting feature of 
llu' Soudan ('anii>aign. 

The papiT is in a continuous roll, wound round the 
l)rass rollers, and turned down under them so as to be 
always (|uilc tigiil. It is to a large extent waterproof, being 
specially |)re|)ared, and graduated in quarter-inch squares. 

The line marked Mine of direction' is that in whiditiie 
pa|)er is unrolled so that when the line of march does not 
ileviate very much from it, the work will not run off the 
hoard. 

The thin line drawn across the compass-hox is a cut in 
the i:;lass, the object of which is to indicate, by turning the 
coni[)ass box round, the position of the needle, when the 
board is in the line of direction. The needle, being a loose 
one, is first observed before starting, the board to'ngsctto 
the line of direction. 'I'he compass-box is then turned until 
the <ut in the glass coincides with the needle, and sene-^ 
ever after to bring back the board into the line of direction. 

This is further e\})lained on |). 41. 

The heads to the brass rollers fit tight in the wood and 
keej) the i)aper stretched by their friction. In the cros^ 
section the buckle is shown attached to a dovetailed slide 
and pivot. When used on horseback, the strap fastens the 
lM)ard to the arm, and when fastened to a tripod, the dove- 
tailed i>late runs into a corresi)onding slide on the tripod. 
The seven -inch by nine-inch size is more of a sketchboard 
and the nine-inch by thirteen-inch size is more of a plane- 
tablir, but both si/.es arc used in either way effectually. 

rocKKT Altazimuths and Compass-Clinometers. 

Strictly speaking an altazimuth is an instrument which 
gives the altitude and azimuth from one adjustment of its 
line of sight. 

The first altazimuth was a stationary transit instrument ; 
what is commonly called now a wall transit. 

7'hrce-screw transit t\\eodo\\\cs^\vi xvcsvr ;sA;i.T^\fc4 to being 
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placed on walls ; but the term altazimuth has also become 
applicable to pocket instruments, in which the azimuth is 
found by the magnetic bearing and the angle of elevation or 
depression is read by means of a plummet or a level. 

Another variety might be designed combining the pocket 
sextant with the measurement of altitudes. Possibly there 
may be such already. 

Messrs. Casella make an altazimuth in which the mag- 
netic bearing and altitude by plummet are both read by a 
microscope and the observation is assisted by a telescope. 




Fig. 96. 

Messrs. Elliott make Colonel O'Grady Haly's compass- 
clinometer in which the same operations are performed 
without any lens power. 

All these instruments are practically two instruments in 
one, to save the time and trouble of taking out first one and 
then another from separate sling-cases. 

Hand instruments are better without telescopes. Work 
requiring telescopic accuracy is better done with a tripod. 

A combination of the box sextant with the altitude 
measurer would have the advantage of greater precision in 
the horizontal angles and fully as much despatch. On the 
other hand it would be subject to cumulative error, which 
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the compass is not. It would hit free, however, from magnetic 
deviation, which sometimes renders the compass wholly 
unreliable. 

'I'he plummet makes a slow clinometer and not a sure 
one either. If the instrument is not held in a vertical 
plane, the plummet is apt to stick against the side. 

The writer has used nothing of the kind of late years, 
but confines himself to an arrangement of his own, con- 
sisting of a combination of Captain Abney's reflecting level 
with a prismatic compass. 

This is illustrated in P'ig. 96. The Abney level is now 
so well known that it only needs a passing description (see Fig. 




Fig. 97. 

97). Its principle is somewhat that of the vertical arc of a 
theodolite, only it is in miniature and without lens power. A 
small telescope has been tried but not with success. A re- 
flector occupies half the field of the sighting- tube, adjusted 
at an angle so that when the bubble is at the centre of its 
run, its reflection is seen in the centre of the tube. 

AV'^hatever angle is given to the line of sight, the bubble can 
i)c brought to the centre of its run without removing the eye 
from the tube, and the little handle which moves the bubble 
tube is furnished with an arm and vernier, which indicates 
the angle of altitude upon a graduated semicircle. The 
range of view of the bubble through the tube is only up to 
60°, but the author uses his instrument also up to 90° for 
getting the batter of a wall or the side slope of a steep 
cutting by placing it on a straight edge, and then bringing 
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the bubble to the centre of its run without looking through 
the tube. ' He therefore has the circle graduated up to 90°, 
and often uses it as a * plumb-level/ 

The prismatic compass forms the handle, which turns 
the bubble, in place of the usual little brass wheel. Its 
disc is only i;^ inch, but it has a graduation from o to 360'' 
and also a quadrantal graduation for working by latitude and 
departure. The prism magnifies so well that the graduation 
of single degrees can be easily subdivided by estimation 
to quarter degrees. It is made by Messrs. Elliot Bros., and 
does them credit. 

The further use of this instrument is explained in * Route 
Surveying,' pp. 61, 64, &c. 

Passometers 

The passometer is a register of the number of paces 
taken at any time by a walker ; its use has been explained 
on p. 54, &c. The graduation of passometers is often very 
clumsy. The arrangement in Fig. 98 is recommended as 
being easily readable. The right-hand small dial reads up 
to 20,000, which is over ten miles. The large hand gives 
the fifties up to 2,000, and the left-hand small dial the units 
between the fifties. 

The instrument in Fig. 98 is reading 0,558 paces. The 
hands of passometers are generally set loose, so that they 
can be adjusted to zero. For surveying this is a mistake, 
because they soon get out of teaching with one another. 
A permanent fit is best — that is to say, with square bearings 
instead of conical, like the hands of a watch. 

The passometer should be attached to the centre of the 
person ; if placed on one leg it will only count half paces. The 
best place is hanging from a waistcoat button, with the hook 
well buttoned in to be secure, and just kept from shaking up 
and down by the edge of the waistcoat. If too free it will 
. occasionally made a double count When the cov3.v^\.vw|^ 
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has to be suspended for a while, the passometer can l)e turned 
upside down. 

The pedometer and passometer can be made to work 
together, by adjusting the former until it records a quarter 




Fig. 98. 



mile against the average number of paces to that distance 
by the latter. The ordinary adjustment of the pedometer to 
length of pace in inches is not always exact. 



Sextants 

Both the Hadley sextant and the box sextant are so 
well known that only the adjustments will be here given, 
which are taken from Mr. Heather's excellent little work on 
* Instruments.' 

To examine the error arising from t/ie imperfection of the 
dark glasses. View the sun through the dark glass at the 
end of the telescope, removing the shades ; make a contact 
with the reflected image of the sun and its direct image 
seen through the unsilvered part of the horizon glass. Then, 
removing the dark glass, set up one shade glass after the 
other, and book any alterations of angle due to each succes- 
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sive combination. No adjustment can be made for this error ; 
when registered it has to be applied at every observation. 

The adjustments consist in setting the horizon glass 
perpendicular to the plane of the instrument, and in setting 
the line of coUimation of the telescope parallel to the plane 
of the instrument. 

To adjust the horizon glass. While looking steadily at 
any convenient object, sweep the index slowly along the limb, 
and, if the reflected image do not pass exactly over the direct 
image, but one projects laterally beyond the other, then the 
reflectors are not both perpendicular to the face of the limb. 
Now the index glass is fixed in its place by the maker, and 
generally remains perpendicular to the plane of the instru- 
ment ; and, if it be correctly so, the horizon glass is adjusted 
by turning a small screw at the bottom of the frame in 
which it is set, till the reflected image passes exactly over 
the direct image. 

To examine if the index glass be perpendicular to the 
plane of the instru7Jient. Bring the vernier to indicate about 
45°, and look obliquely into this mirror, so as to view the sharp 
edge of the limb of the instrument by direct vision to the 
right hand and by reflection to the left. If, then, the edge 
and its image appear as one continued arc of a circle, the 
index* glass is correctly perpendicular to the plane of the 
instrument ; but if the arc appears broken the instrument 
must be sent to the maker to have the index glass adjusted. 

To adjust the line of coUimation. i. Fix the telescope 
in its place, and turn the eye-tube round, that the wires in 
the focus of the eye-glass may be parallel to the plane of the 
instrument. 2. Move the index till two objects, as the sun 
and the moon or the moon and a star more than 90° dis- 
tant from each other, are brought into contact at the wire of 
the diaphragm which is nearest the plane of the instrument. 
3. Now fix the index, and altering slightly the position of 
the instrument, cause the objects to appear on the other 
wire, and if the contact still remain perfect the line of col- 
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limation is in correct adjustment. If, however, the two 
objects appear to separate at the wire that is further from 
the plane of the instrument, the object end of the telescope 
inclines toward the plane of the instrument ; but if they 
overlap, then the object end of the telescope declines 
from the plane of the instrument. In either case the correct 
adjustment is to be obtained by means of the two screws, 
which fasten to the up and down piece the collar holding 
the telescope, tightening one screw and slackening the other, 
till, after a few trials, the contact remains perfect at both 
wires. 

The instrument having been found by the preceding 
methods to be in perfect adjustment, set the index to zero, 
and if the direct and reflected images of any object do not 
perfectly coincide, the arc through which the index has to be 
moved to bring them into perfect coincidence constitutes 
what is called the index error, which must be applied to all 
observed angles as a constant correction. 

To determine the index error, — The most approved method 
is to measure the sun's diameter, both on the arc of the 
instrument properly so called, to the left of the zero of the 
limb, and on the arc of excess to the right of the zero of the 
limb. For this purpose, firstly, clamp the index at about 
30' to the left of zero, and, looking at the sun, bring the 
reflected image of his upper limb into contact with the direct 
image of his lower limb, by turning the tangent screw, and 
set down the minutes and seconds denoted by the vernier ; 
secondly, clamp the index at about 30' to the right of zero 
on the arc of excess, and, looking at the sun, bring the 
reflected image of his lower limb into contact with the direct 
image of his upper limb by turning the tangent screw, and 
set down the minutes and seconds denoted by the vernier 
underneath the reading before set down. 

Then half the sum of these two readings will be the 
correct diameter of the sun, and half their difference will be 
the hidex error. When the reading on the arc of excess is 
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gireater of the two, the index error 4,hcn found must be 
to all the readings of the instrument, and when the 
irig on the arc of excess is the less, the index error must 
Subtracted in all cases. 
To obtain the index error with the greatest accuracy, it 
'^^st to repeat the above operation several times, obtaining 
readings on the arc of the instrument, and the same 



^^*^ber on the arc of excess, and the difference of the 
'^ of the readings in the two cases, divided by tlic whole 
^^ber of readings, will be the index error ; while the sum 
^^. ^1 the readings divided by their number will be the sun's 
*^*jeter. 

Example, 



"•adings on the arc of the instrument 


Readings on the arc of excess 


35' 0" 
35' 5" 
35' 10" 




29' 25" 

29' 35" 
29' 20" 


105' 15" 

88' 20" 




88'' 20" 
105' 15" 


2' 49" 


Difference 
Index error 


6)193' 35" Sum 

32' 15-8" Sun's diameter 



The Adjustments of the Box Sextant 

On the upper surface of the instrument close to the rack- 
screw is a little hole with the square head of a screw inside 
it. This is a screw for adjusting the horizon glass in the 
plane of the instrument by observing the reflected image of 
the sun. 

There is also another screw at the side of the instrument 
for removing index error by taking readings on the arc of 
the instrument, and on the arc of excess as described in the 
adjustments of the Hadley sextant, and then by correcting 
with the scrow so as to make both readings \.\\g ^;)ltv\^. 
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l5oth screws are turned l)V a little kev. which is removed 
for the purix)se from its position in the arc-plate opposite 
the rack screw. 

Thk Solar Compass 

The solar compass is an instrument for determining the 
true bearing of any object, instead of the magnetic It 
performs automatically the operation of finding at any time 
of day and in any latitude the azimuth of the sun. It can- 
not of course be used in cloudy weather, and should not be 
used when the sun is less than one hour above the horizon 
c^r less than one hour from the meridian. It stands on a 
tripod of the same size, and is itself somewhat larger than 
the ordinary surveyor's compass. 

It is furnished with vertical arcs to set it to the latitude 
of the place, and a pair of sight vanes. 

Unless the adjustments are ver)- carefully attended to 
errors are likely to arise, greater than those due to local 
magnetic deviation. 

The price ranges somewhat between that of a surveying 
compass and a plain transit. 

Thk Heliostat and Heliograph 

These instruments are both sun-signals ; the principle is 
the same in both. A mirror reflects a sunbeam from one 
point to another. The heliostat is only intended to give a 
continuous ray, whereas the heliograph is provided with a 
spring to the mirror, by which it is made to give little jumps, 
causing it to flash short or long flashes corresponding with 
the dots and dashes of the Morse code. The heliostat is 
capable of being used for signalling also, by alternately 
covering and uncovering the mirror. Both instruments are 
furnished with sighting vanes on jointed arms, commonly 
called jiggers, to set the mirror in line with the station to 
ht s/gnalled. The \\e\iogta.p\\ \s> ^^o l\\\xvY^^-«\>Jc^«i,d\iT3lex 



™*J*WfW*) 



) ihal when ihc sun is iiebimi llic iiisilniiiiciil il 

Jill l>c used. 

s best heliographs are Gallon's sun signal, litied willl 

scope, and Manee's heliograph. Both are expcnsivB 

;nis, and need not enter into the outfit of the 

Dinaiy surveyor. 

rhe sketch on next page is taken from Capt. Wharton'g 
raphy,' ' and illustrates the principle of all such in- 
ments. It is a heliosiat made by a ship's Itlacksinith,, 
|iThe standard is about z J feet iiigh. 'In soft ground the 
lends of the legs can be pressed into the earth, and on r'xky 
'ground stones placed against the legs will hold the instru- 
■'inent steady. The arm ///, of light iron, is curried sejiaratcly,. 
and slips over the shaft of the standard, clamping when 
tequired with a screw. 

' Into a circular socket in head of standard shaft the k(f 
of the frame holding the mirror is shipped ; this is also tft 
be tightened by a retaining screw. The mirror, which can' 
be of any size from 2 to 6 inches or more in dinmctClj 
revolves on its retaining screws as an ordinary toilei- 
table glass, and can be held in any position by th<t' 

' The ring, of flat wood, is made as tight as possible, so Mi 
to exert less strain in wind. Across it are nailed crossed' 
strips of copper with a white cardboard disc, about an inch 
in diameter, fastened to their centre. 

' The rod that carries this ring slips up and down in a, 
hole at the end of the arm, and is clamped by a retaining 

■ In the centre of the back of the mirror a hole of abotit; 
I inch diameter is scraped in the tinfoil, being careful H 
leave a sharp edge. A similar hole is cut out of the woodeis 
back of the glass frame. This we shall call the blind 
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* To direct the flash to an object, bring the mirror vertical, 
and looking through the hole in the centre, revolve the arm 
until in the direction of the object nearly, clamp it, and 
adjust the disc-rod as nearly as may be for elevation or 
depression. Then, slightly loosening the screw, clamping 
the arm, finally adjust the latter so tliat the object, as 
regarded through the hole in the mirror, is obscured by the 




Fk;. 99. Captain Wharton's * Hydrography.' 

n, sliding collar carrying arm in, revolving round s ', b, wooden ring, 
])ainted black, with iron wires and white cardboard centre, sliding 
vertically by means of rod through arm rn ; c, iron frame to hold 
mirror, ntting into socket in top of standard j ; j, iron standard with 
fixed tripod legs ; d, blind spot in mirror ; c, screw for clamping in 
iron frame ; y, screw for clamping arm ; ^, screw for clamping ring 
rod. 

white cardboard disc in centre of the ring. By turning 
mirror so that the dark shade caused by the blind spot 
thrown on to the disc, the flash will be truly directed, t 
must be kept so by slight alterations of the position of 
mirror, which should therefore be clamped only sufficiei 
to hold it steady and yet admit of gentle movement. 1 
shadow of the blind spot s\\o\x\^\^^ -^v^xV^ ^xjtvaller tl 
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^ disc, so as to ensure having it truly in the centre of the 




*The mirror must be of the best glass, with its faces 
i^^^aUel, or the shadow of the blind spot will be very indis- 
^Ct when the mirror is at a large angle, and also the beam 
light will be dispersed before it has traversed many 

* It is well to have the mirror a fair size, say 6 inches 
^ ^Viare, as in practice it will be found generally necessar)-, 

*^ order to save time, after once adjusting the flash, to leave 
^ ^nan to keep it on while the surveyor is taking his angles ; 
^*^d although a man will soon pick up the knack, a larger 
^^irror will allow for eccentricities on his part, and also, on 
^ dull day, a faint flash will be detected from a large 
*^irror, where a small one would not carry any distance. 

* On a bright day a flash from a 3 inch by 2 inch mirror 
uas been seen 55 miles and more. 

* In hazy weather, angles have been got when the place 
ftom which the flash was sent was entirely invisible : and 
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a, a, bent wire ; 3, b^ brightened bullets : /, .r, line of sijuht to the 

Tugela. 

thus whole days have been saved by this simple contriv- 
ance. 

*Only those who have spent hours, or even days, in 
straining their eyes to see a distant mark can appreciate the 
value of a heliostat.' 

The following is an extract from an atUd^ 'w\ ' "tiv^ix^wvi^ 
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for All, by Major C. Cooper King, of the Royal Militaiy 
College, Sandhurst, and explains a handy makeshift shofo 
on Fig. IOC. 

' At Ekowe, in the campaign in Zululand, the vfade 
apparatus had to be improvised. . . . Two wires with the 
upper parts bent into the form of a semicircle, and fiik 
cross wires uniting the bent end with the upright part, f« 
tried. The sights were composed of brightened bullets in 
the centre of the cross wires, and when these rods were set 
in the ground and aligned with the flash from a commoD 
looking-glass, no difficulty wa^ experienced in communi- 
cating.' 

Sun signalling has the great advantage of being indepen- 
dent of background. 

Telemeters and Range-finders 

The tenn telemeter, which was introduced by surveyors, 
has been appropriated to some extent by electricians and 
others ; and it is probable that the better term tacheometer, 
which has been quite adopted by the French, will soon 
become general. 

The simplest form of telemeter is the plane-table, which 
is a graphic triangulation to attain the same end as the 
optical telemeter. 

In every case the telemeter measures by a kind oi 
triangulation, varying from the long base, bearing a con- 
siderable proportion to the distance to be measured, down 
to the base of a few inches or at most a few feet, from 
which distances of over a mile are measured. 

Then, again, telemeters vary in size from the Weldon 
locket range-finder, about | inch in diameter, to the 6 feet 
and 7 feet 6 inch telescope-telemeters of Clarke and Struve. 

Organically they may be divided into three classes. 

1 . Those in which the measured base forms an integral 
part of the instrument itself. Such are Adie's i8 inch and 
3 feet telemeters, descnbed '\w W^^xWt'^ * Instruments : ' 
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Piazzi Smyth's 5 feet telemeter, Colonel Clarke's 6 feet, 
and Otto Struve's 7^ feet telemeter. 

The instrument is held square with the line of sight. 
The object whose distance has to be measured must be 
sharply defined. One end of the instrument receives a re 
fleeted image at right angles, and the other end a reflection 
at an angle forming the complement of the angle subtended 
by the length of the instrument at the point observed. 

With so great a multiplication as this, it is evident that 
the base must be very exactly measured in order to graduate 
the instrument. 

Adieus telemeter is of brass, and covered with leather in 
order to diminish changes of length under varying tempera- 
tures ; but all this class suffer from this cause. They are 
not much used now. 

2. Those in which the measured base is at the point 
observed, generally consisting either of a graduated staff or 
a pair of discs connected by a rod ; the naval surveyors call 
it a 10 feet pole, the Americans a target 

In this class there are two subdivisions. 

a. Those which have a fixed base and varying angle, as 
the Rochon micrometer, furnished with a reflector by which 
the images of the discs are made to coincide, as in a sextant, 
and the angle subtended is read in terms of distance. 

Messrs. Elliott's army distance-measuring telescope is 
another of this class. The fixed base is the assumed height 
of infantry, 5 feet 11 inches, or cavalry 8 feet 10 inches. 
Two micrometer wires are fixed in the diaphragm, and are 
actuated by the micrometer head so as to exactly intercept 
the object. The micrometer head is graduated differentially 
in terms of distance ; one side for the cavalry base, the 
other for the infantry. Targets set at those respective dis- 
tances on a pole would of course give more exact results. 

Eckhold's omnimeter. Fig. 10 1, also made by Messrs. 
Elliott Bros., is a combination of this and the first class 
alluded to. The instrument is a transit theodolite in prin- 
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ciple, l)Ut it is furnished with a powerful telescope and a 
long and powerful microscope (a), reading a graduated 
baseplate (b'). At one operation, by observing top and 
bottom of a lo feet pole, the distance and elevation are 
given by a rule-of-three sum. The instrument has given 
much satisfaction, both in India and the Colonies ; it is, 
however, more complicated than the stadia principle, takes 
longer to adjust, and is not more accurate. The author is 




informed by Messrs. Elliott that an improvement upon tliis 
instrument is in course of development by Mr, W. K. 
Itakcwell. 

A Telemeters whicii have a variable base and a fixed 
angle. This is the stadia principle, and the conunonesl 
instruments of this type are the stadia or teleinetric theo- 
dolite and the tacheometer. The former instrument is 
illustrated on p. 307 in a new form by Mr. \V. F. Stanley. 
Theodolites of all sii^es are now frequently fitted with stadia- 



Instruments ' 335 

lines. The tacheometer of Messrs. Troughton &: Simms 
is graduated to 460 primary degrees and a decimal sub- 
division. Tables of the trigonometrical functions are pub- 
lished for this graduation. Any kind of decimal graduation 
affords great facility both to astronomical calculations and 
telemetry. 

For the author's system of graduation, see p. 307. 

Another feature is the obtaining of what is termed anal- 
latism (see Glossary), or urichangeableness, at the vertical 
axis. There is very little practical advantage from this device, 
which involves another lens. A micrometer screw can of 
course be added if desired, but it does not usually form an 
integral part of the tacheometer. 

An instrument of this kind with more novelty about it is 
the Wagner- Fennel tacheometer. 

All the instruments previously described under this class 
require the calculations of vertical height to be made by 
tables or by slide-rule, but this instrument gives them direct, 
without even the rule-of-three sum required by the Eckhold 
omnimeter. 

The measurement is by stadia hairs, but the movement 
of the telescope in a vertical plane instead of being recorded 
upon a graduated circle causes a vernier to slide backwards 
or forwards along a scale fixed parallel to the line of 
sight. 

This vernier actuates a pair of other scales, one hori- 
zontal and the other vertical, thus giving directly the 
horizontal and vertical components of the inclined distance 
measured by the stadia. 

The instrument is highly ingenious, but it is not so 
.suitable for the ordinary work of the railway engineer, such 
as setting out curves, &c., and it is not adapted to astro- 
nomical observations. 

3. The third class of telemeters is that in which the 
base is measured on the ground, at the observer's station. 
The Hadley sextant, chough not, strictly speaking, a tele- 
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meter, is greatly used as such by naval hydrographers, 
sometimes in conjunction with a Rochon micrometer. 

The Dredge-Steward omnitelemeter, made by J. H. 
Steward of 1 .ondon, illustrated and described in ' Engineer- 
ing/ of August 20, 1 886, is a good instrument of this class. It 
is in appearance and in principle very much like a box sextant, 
stands on a light tripod, and measures the angle formed at 
the distant point by the pair of rays from the ends of a 
Ixise run out by steel tape at the observer's station. It has 
this special feature, that the base need not be run out 
square, which saves time when there are obstructions. 
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Fig. 103. 



Perhaps the most suitable of any of this class of instru- 
ments to the ordinary surveyor is the Weldon range-finder, 
the patent of Colonel Weldon, R.A. There is indeed a 
new range-finder coming out from Woolwich, but the mili- 
tary authorities, are not as yet communicative upon the 
subject. 

Figs. 102, 103 represent the watch-size 'Weldon ;' there 
is also a docket ' size. The following description is mainly 
from the pamphlet written on the su])jcct by Captain Wil- 
'oughby Verner, R.A. -. 





Fig. zof.— Range«taking with a 

direction point (using first and 

second pnsms). 
A, position of observer. 
O, object of which the range is 

required. 
D, direction point (as distant as 

possible). 



B A C 

Fig. 105.— Ran^e-taking without 
a direction point (using second 
prism only). 

A, position of observer marked 
by first picket. 

O, object of which the range is 
required. 

B, second picket. 

C, third picket. 




Fig. 106.— Method of measuring a long base 
by means of the third prism. Base AB=^ 
Range AO. BC=}. liaae AH=j^ Range 
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'X\\Q Weldon range-finder consists of three prisms of 
cr}slal, accuraicly ground to the following angles : 



I. 


90°. 






2. 


88° 


51' 


15". 


3- 


74' 


53' 


'5"- 



The range of an object, as at O, is taken by obsendngthe 
angles OAT), OBD, at the base of a right-angled triangle 
ABO in Fig. 104, themeasuredbase AB of which=^ofthe 
distance or range AO. In this case the first prism, 90°, and 
second prism, 88° 51' 15", are used. 

A second method, and one equally important, is by 
obser\-ing the angles at the base of an isosceles triangle as 
BCO in Fig. 105, when the measured base BC is ^ of the 
distance or range AO. In this instance the second prism 
(88^ 51' 15") only is used. 

In order to measure the base AB or BC accurately and 
rapidly the third prism of 74° 53' 51" is used; but this is 
merely a convenience and not a necessity, except under 
very exceptional circumstances. 

It will be at once seen by those who have had any 
experience of range-finding that there are several objections 
to this apparently simple process. They may be summa- 
rised as follows : 

1. Difficulty of obtaining any definite mark at rigbt 
angles to the object to reflect the latter upon, when em- 
ploying a base of y^y 

2. Difficulty of always finding ground suitable for 
measurement of base as regards view, general configura- 
tion, and space, whatever base may be employed. 

These difficulties are more or less common to instru- 
ments of this class, but the Weldon possesses the two great 
advantages over most of them of exceeding portability and 
reliable, permanent reflectors. 

The writer possesses one of these useful little instru- 
ments, but has not obtained results with it equal to 
thosQ on record. Cons\dei^\^ t^x^cx:\c& "ys. \sss.ded m 
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-g ihi-m, both in judging a posilinn rornieasiirinf; n liasc 
in taking the observation. 'J'lie right-angled |irisin in 
:tically an optical square. In Fig, 104 the range is 
sn thus. Choose a good direction point D or else put in 
nging rod at D making its reflection coincide with the 
Xt by means of the right angled prism. Then using the 
prism retreat along AB leaving a mark at A to keep 
tself in line ; when the 88° prism shows a coincidence of ' 
rith O, B is reached. AB is measured either by paces 
ape, and multiplied by 5o=the range. 
In the ofJicial trials at Aldershot in 1883, the average 
a was only 34 yards for each range, whilst in India in 
5 it was 35 yards. 

The chief use of this class of hand instrument is on re- 
naissance, when neither plane-table nor theodolite can be 
"led. It is more accurate in the hands of a practised 
1 than the sketching- board used on the jiortable stand, 
bribed in 'Route Surveying,' p. 47, and occupies no more 
:e than a watch. The sketching- board, however, has 
titer advantages of permitting the surveyor to make 
le representation of the country as he goes. Captain 
loughby Vemer advocates the use of the range-finder 
a)njunction with the sketching- board. The writer has 
yet been able to get more correct results with it than 
X the sketching- board used alone, on its light tripod, as 
iangulation, measuring bases with the latter not less than 
>f the distance, but taking them in any convenient direc- 
I and any convenient length, which cannot be done with 
range-finder. A great drawback to this class of insiru- 
it, and one which puts it out of competition with 
tnetric theodolites wherever the latter can be used, is the 
e occupied in running out the base. For taking ranges 
battle military ofl^cers are content to step the base. 
ptain Vemer mentions an amusing incident connected 
h 'field-firing' of a certain corps, \t\ vsVi\c.V a. 'j<s(&^ 
s told off to give the langt: >N\ft\ 'C^e, tomej:- 



reant was 
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firulcr, l)ut did noi understand it, neither did he wish to 
show his ignorance. He was doubling along in rear of his 
section, and was seen after each * rush ' to raise his range- 
finder to his eye, after the manner of a spy-glass, and call 
out whatever his fancy moved him. He had orders to ^ 
ranges constantly and obeyed them. 

A rapid method of using the range-finder with the 
accuracy needed on route-sur\'ey would be to measure 
the two angles simultaneously by two observers, each hold- 
ing one end of a loo feet steel tape. With the 90° prism in 
the hand of one, and the 88° in the hand of the other, 
distances up to 5,000 feet could be measured, or, by each 
holding the 88° prism, up to 2,500 feet. It would require 
a boy to hold up the sag of the tape. Each observer should 
hold his handkerchief under the range-finder, for the other 
observer to make the conjunction of image with the distant 
oi)ject through the prism. 

The Weldon is now reduced in price, and hardly more 
expensive than an ordinary optical square, the duties of 
which are well performed by the 90° prism, and it is not at 
all liable to derangement. 

Mr. Steward also makes a range-finder called *The 
Simi)lcx,' which is similar in principle of action with the 
W'oldon, only the angle is taken with a glass mirror, and 
it recjuircs adjustment each time. It is practically an optical 
scjuare with an alternative position of the mirror at a lesser 
angle. 

The Bate Range-finder 

This is a binocular combined with two reflectors. The 
modus operandi is the same as with the Weldon and similar 
instruments. 

It has the decided advantage ot optical power combined 
with a wide field, so that for a hand- telemeter, used by one 
man, it is one of the best oi tVv\?, cNas."?.. 



iKstrumenis 



Like the Dredge-Steward, it allows of considerable lati- 
tude in measuring the base, and instead of the very small 




telescope of the latter, is furnished wilh a fine binocular, 
suitable for general use 

The angle subtended by the base measured is expressed 
in multiples by puttmg m a gauge between two graduated 




limbs, thus measuring their divergence, or, in other words, 
plottii^ the angle in the instrument itself. There is no 



J43 Preliminary Sumy 1 

i:;ilculati(jn lieyoiid thu multiplication of the measured Ibk | 
liy the multiplier indicated liy the gauge. ' 

It costs about ten jrujneas, and, cot\sidering what theit 
i^ in it, is nut an expensive instrument. 



Ilil--<IMF [KIC ISSTKlMLNtS .\ND HvPMlMtTRV 

Tkt BarameUr. This instniment has become so Emilia' 
tn the public as a weather-glass, and to engineer? m 
travellers as a height- measurer, that it is bard]; neccaaf)' 
to show an external view of it. Fig. loy represents the internal 




mechanism. I'lic vacuum cliauibcr U is of Guriiian »'l*'^^- 
firmly attached to the base-plate A. The sides of t^" 
vacuum are compressed with a force equal to the weigh' "i 
a throe -year- old child when the air is pumped out, and ^^ 
kept from collapsing by the powerful spring D. llievar)" 
ing pressure of the atmosphere produces tiny pulsations i" 
the vacuum, which are very greatly multiplied by levers*' 
and J, and chain Q. The lever Gaels also as a compensator 
for changes of length in the mechanism due to tempetatutSj 
imt this does not dispense with the corrections to '"^ 
hypsometric formula due to difference of temperature, vhi^'' 
arc given on p. 350, or to the actually recorded different 
0/ \c\iA by any aneroid. TW a,W\.M4e. wialc correspondinS 
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to equal variations of atmospheric pressure is a differential 
one, like water pressure on a lock gate, illustrated at p. 1 1 1. 
By means of a device termed a worm, similar to that used 
for equalising the tension of the spring in watches, the 
differential movement of the index is in the surveying 
aneroid changed into a uniform one, so as to admit of the 
use of a vernier scale. The 5 inch aneroid is the only 
satisfactory type for the surveyor. It reads with the vernier 
to feet, not that it is reliable to single feet at one reading 
by any means. It needs repetition of readings, compensa- 
tion for temperature, and every other precaution, and then 
is only reliable in proportion to the number of readings 
taken, and the range between highest and lowest 
results. 

It is clumsy and heavy, and it would be a great boon if a 
small aneroid could be obtained, say 2i or 3 inch, which 
would give equally good results. 

The reason that this has not been attainable is because 
there must be a large vacuum and a S7fiall range of altitude 
in order to get a sensitive instrument which will not * hang ' 
at all when rapidly changing from rise to fall and back 
again. 

Travellers sometimes specify to instrument makers such 
absurdities as a 2 inch aneroid reading to single feet, and 
having a range up to 15,000 feet, and absolutely compen- 
sated. 

A surveyor needs a maximum of exactitude over small 
differences of level. He should have a 5 inch aneroid with 
a range of 3,000 to 5,000 feet for all the ordinary work 
of reconnaissance. 

For mountain-cHmbing he should have a 2 inch watch 
aneroid and a boiling-point thermometer. 

The following results are added to show the range of 
discrepancy in two aneroids, one a 3 inch and the other 
a 5 inch, both of them eight guinea instruments by the 
same makers, of the first rank in London. 
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Distance, A to B, 0*55 mile. Difference of elevation by 
Ordnance benchmarks, 69*0 feeL Mean temperature (ave- 
rage of all the times), 68° Fahr. 







Three-inch Aiuroid. 










feet 




feet 


P'irst time. 
Second . . 
Third .. 
Fourth ., 
Fifth .. 


Up 

« « 

* « 




• 72 

• 77 

• 77 

• 50 
. 66 

5)3*2 


Down 


. 60 
. . 63 

. 57 
• 72 
. 68 

5)320 


Average . 
Corr. for temi>craturc 


. 68-4 
23 


• 


. 64 



707 

Range of error from true level 

Range of error between two successive readings 
Range of final mean of means of * ups ' from true 

elevation ....... 

Range of final mean of means of * downs ' from 

true elevation ...... 



+ 10-3 

-103 

22 

17 

27 



Five-inch- Aneroid. 



First time. Up 

Second ,, 

Third ,. 

Fourth . 

Fifth 


feet 

. 67 

• 78 
. 66 

• 63 
. 64 


Down 

' 1 * 
• % • 

> • 


feet 

• 65 
. 68 

63 

• 71 
■ 56 




5)338 




5)323 


Corr. for temperature 


67-6 

2*2 




646 


Range from true level 


69-8 

• • 


• • 


. 4 T I 3 


Range between two successive readi 


ngs . 


-11-3 
10 



Range of final mean of means of * ups ' from true- 
elevation ....... 

Range of final mean of means of * downs ' from 
true elevation 



0-8 



2 "2 
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Distance A. to D, i*i mile. Difference of elevation 1: 
rdnance benchmarks 113*2. Mean temperature, 68° Fah 



Three-inch Aneroid. 



First time. 
Second , , 
Third „ 
Fourth ,, 
Fifth „ 



Up 



»i 



Corr. for temperature 



feet 




feet 


. 112 


Down 


. 107 


. 117 
. 125 

93 
. 103 




• 97 

• 92 

123 
106 


5)550 




5)525 


no 
e 3-6 




105 



113-6 




Range of error from true level 


+ 154 




-18-4 


Range between two successive readings 


= 33 


Range of final mean of means of * ups ' from true 




elevation 


0-4 


Range of final mean of means of * downs ' from 




true elevation ...... 


4-6 


Five-inch Aneroid, 




feet ' 


feet 


First time. Up . . 103 Down 


1 10 


Second,, ,, . -117 ,, 


• 113 


Third ,,,,.. 107 ,, 


100 


Fourth ,,,,.. 107 


. 108 


Fifth ,, ,, .107 


100 



5)541 



Corr. for temperature 



108 -2 
3-6 

III-8 



Range of error from true level 

Range between two successive readings . 
Range of final mean of means of * ups ' from true 

elevation ....... 

Range of final mean of means of ' downs ' from 

true elevation 



5)531 



106*2 



+ 7*3 

— IO-2 

7*0 

I '4 



3j+6 
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Distance, A to C, 0776 mile. Correction for tempera- 
ture added to each reading. Difference of elevation from 
Ordnance benchmarks, 129*8 feet. 



Five 


■inch Aneroid. 








feet 




feet 


Kirst time. Down . 


. 130-2 


Up 


. 134-4 


Second ,, 


. I3II 




. 1322 


Third ., 


• 132-3 




121 -4 


I'ourth ., 


. 128-3 




. 132-4 


Fifth ,, 


107-0 




128-9 


Sixth ,, ,, 


124-8 




. 124-8 


Seventh,, 


117-6 




. 136-5 


Eighth „ 


■ 133-9 




. I23'6 




8)1,005-2 




8)1,034-2 




1257 




129-3 


l\an^o «>f error from true difference . 




. + 67 








■ 22-8 


Range between two successive readings 


21-9 


Range of final mean of 1 


iieans of ' ups ' 


from 


true 


elevation 


• • • 


■ 


05 


Range of final mean of 


means of * downs ' 


from 


true elevation 


■ ■ • 


. 


41 



The wide readings will surprise those who are not familiar 
with the subject, and who have been led to believe other- 
wise by those who are proficient in the sale, less versed in 
the construction, and least of all conversant with the use of 
aneroids. // will be noticed that the five-i?ich i?t the above 
tests has from a quarter to one-half the ra?ige of error of tJie 
three-inch between any two successive readings. This is a 
much more important point to the surveyor than the 
accuracy of the final mean of means. In the three-inch 
the range of error for the half-mile was two-thirds of that 
for the mile, whereas in the five-inch the range of error for 
the mile was less than that for the half-mile. It is fre- 
(juently the case that errors of five and ten feet will be regis- 
tered in going up and down a hillock whereas the height of a 
mountain may l)e correctly given within two or three feet. 

It will also be understood from this why stress is laid in 
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'hapter II. upon using the Abney level with th^ aneroid for 
iie smaller rises and falls of route-survey, and making as 
lany repetitions as possible of the aneroid readings which 
etermine the maximum and minimum elevations. These 
spetitions should all be entered in the fieldbook as care- 
jlly as the original ones, and a symbol placed beside the 
lean of means on the plan to indicate the degree of 
ccuracy which had been obtained. It will be observed, 
arther, that in every case the mean of the ' ups,' whether 
he journey commenced by going up or by going down, was 
lore correct than the mean of the * downs.' Having used 
number of instruments in different parts of the world, the 
.Titer has always found this the case. The pressure of the 
Imospherc puts a strain ui)on the spring D. When going 
phill, the spring is relieved, and when going downhill it is 
gain depressed. It is natural that the resilience of the spring 
hould be freer in action than its compression, on account of 
lie intermediate mechanism needed to procure the action. 

Practical Suggestions in Procuring and Using 

Aneroids. 

1. Procure a first-class instrument. 

2. Learn its peculiarities and eccentricities. 

3. Have it examined every year. 

4. Register atmospheric changes by a second instrument 
t camp. 

5. When reading, hold horizontally, and tap several times. 

6. Take as many repetitions as possible. 

7. Where discrepancy, not due to atmospheric disturb- 
nce in the district, exists between 'ups ' and 'downs,' prefer 
le * ups.' 

8. Always apply the temperature correction. 

9. Three *ups ' will generally give a mean result correct 
) 3 feet, or two * u])s ' to 6 fett, in difference of level of 50 
^ 500 feet. 
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The Kew test is useful, and should be specified in order- 
ing valuable instruments, but even that does not prove the 
instrument in every way. 

A first-class aneroid is as hard to get as a horse without 
a blemish. A seasoned vacuum and perfect mechanism 
inside, together with clear open graduation outside, and a 
sling-case which will open and shut quickly and safely^ are 
the chief points to aim at. Five-inch aneroids are now 
made in aluminium to save weight, but the price is very 
high. 

HVPSO.METRV, 

or height-measuring, is a term applied to determination of the 
level above the sea, by the barometer or boiling-point thermo- 
meter, as distinguished from levelling with the spirit level. 

Both operations rest upon the same fundamental prin- 
ciples of the weight and pressure of the atmosphere, com- 
monly known as Mariotte's and Charles's laws. These are, 
firstly, that at a uniform temperature the pressure of any 
gas varies inversely as its volume, and secondly, that at a 
uniform pressure the expansion produced by a given increase 
of temperature is the same for all gases. 

The standard mercury barometer is now but little used 
for hypsometric purposes on account of the inconvenience 
in transporting it. The aneroid barometer just described 
has superseded it, first because of its exceeding portability, 
secondly because of its superior sensitiveness. It is 
subject, however, to derangement of its delicate mecha- 
nism, not alone from accident, but even from changes of 
climate ; and the boiling-point thermometer, which measures 
the atmospheric pressure without any mechanism, is gene- 
rally added to the outfit of anyone who wishes to make ex- 
tended and reliable hypsometric observations. It must not 
be supposed that the use of any of these methods is sufficient 
to ascertain elevations with the accuracy of a spirit-level. 
They do no more ihan ^we vW dvCfetence of atmospheric 



Instruments^ 349 

pressure at two different situations. When the condition of 
the atmosphere is steady in the district, that is to say when 
a standard barometer at either of the stations remains sta- 
tionary during the period of observation, the difference of 
pressure at the two situations forms a means of correctly as- 
certaining the difference of elevation. When, however, there 
is a disturbance of the air-pressure, no reliance can be 
placed upon the results unless by also recording the move- 
ments of a stationary barometer at the two stations by inde- 
pendent observers. 

With all their draw-backs hypsometric instruments are 
indispensable, because they are the only means of approxi- 
mately determining differences of elevation en route. The 
real makers of them are few, and hardly ever put their names 
on them. It is not sufficient to order them from a good 
instrument-maker or even to have them tested at Kew. The 
best proof of their excellence is in their daily use for a few 
weeks under conditions of varying temperature, elevation, 
and methods of transportation. All aneroids are marked 
' compensated,' and instrument makers will often tell their 
customers that no further correction is needed on account 
of this compensation— a statement which always shows that 
they do not understand the principle of the instrument. 

The compensation of the mechanism of the aneroid causes 
it to record the correct difference of atmospheric pressure at 
different times or in different places, and it is therefore not 
subject to the correction which is applied to mercurial 
barometers to correct them for the expansion or contraction 
of the column of mercury. 

But the difference of atmospheric pressure between two 
different elevations is less at high temperatures thafi it is at 
low ones. If the barometer recorded 30" pressure at sea 
level when the thermometer stood at 32° Fahr., at 1,000 
feet elevation with the same temperature the pressure would 
be nearly 28"-88. But if the mean temperature were 72° 
Fahr., the pressure would be about 28" -96. In a table 
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.-.r.ulii.iiril \\\\\\ altitudes • orrespondinj;: :o Gifere!Kfc o: 
.iliMiispluiir jMi'ssurL' at 32 Kahr. mean tempasKie. *ihe 
l»itssuii- III" jS ''1)6 would only give 923 fee:, and the aintode 
111 \\w !.»l»li' would have to be multiplied by i*cS3 to give 
J 111- II ui- aliiiuik'. Ilencc it is much more convenient to 
kiu>\\ tlu' nuilti]>li(.'rs for temperature applicable to ihe 
.iiuiiiids as ilu'v arc actually constructed, for they are not 
i;i:ulnaiiil tVoni 32^ l''ahr., but from 50° Fahr., by Airr's 
1 01 inula, in from 53" Kahr. by the author's mean formula 
It) l'.ni;lish and American standards. 

riu- roinjH'Hsation of an aneroid is nothing morethana 
dr\u I- analui;ous to that in a watch by which the expansion 
HI I Ml III ait ion of tlic mechanism of the instrument itself 
due to ihan^es of temperature is compensated. Nothing 
rail hv>wever prevent the exj)ansion of the air produced by 
.my ineiease o\ temperature from acting differently upon the 
.nun Mil under Us altered eondition, and nothing can prevent 
I lie altered s|>iriru' gravity of the air due to different alti- 
ludes and laiiiudes trom likewise differently affecting the 
in>innneni. I'.nnlish aneroids are graduated with an altitude 
^eale it>ireNjHM\ilini; to a mean temperature of 50° calculated 
l>v AirvN lornuila or s; V' bv the author's mean formula: 
einisequently, a^ shown in IMale IX. Kig. in, the altitudes 
indieated l>\ tlie instrument at lower temperatures are too 
i;reat and should be treated with the multipliers given, and 
■.'.Vc- Vtrs.i at hii;her temperatures. Kach of the subdi\isions 
has a value of 'oo^ and reads thus : 1.000 ; 1*002 ; 1*004, and 
so on. The temperature corrections given in the textbooks 
are arrangeil trom 32"' Fahr., so that a double calculation 
is required. This diagram can be used with the slide-rule. 

NX'hen the altitudes are calculated from readings of the 
barometer, or boiling-point thermometer, formulae are used 
based upon the researches of Guyot and others, but var}'ing 
considerably in the coetHcients adopted by different experi- 
menters in ditferent countries. 

77ie tables given V>y ^Vt. Vx;mc\'5. v::>^voxv\xv^^\&>k^jaQKk 
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of the Royal Geographical Society are calculated by Loomis, 
and differ both from those of Airy, from which most English 
barometers are graduated, and still more from those of 
Col. Williamson, the American authority. 
The formula of the latter is as follows : 

^_ 3oDxT 
B 

where H=difference of height in feet between two stations. 

D= difference of barometric pressure between the 
two stations. 

T=tabular number corresponding with mean tem- 
perature. 

B=mean barometric pressure. 

A short approximate rule is given by Mr. J. H. Belville 
of Greenwich Observatory, which is nearly correct between 
temperatures of 50° and 60° Fahr. 

S : D 1:55,000 : H 

where H=difference of height in feet between stations. 
S=sum of barometric readings. 
D= difference of barometric readings. 

Examples will be given to show the divergence of the 
three authorities, and a series of constants, K, for each degree 
of temperature from zero to 102° Fahr., by which, with a 
modification of Belville's rule, a mean result will be obtained 
between those of the English and American formulae and 
of so simple a kind that it can be worked by the slide-rule. 
It is as follows : 

H (difference of height)=— ^ 

where K is the coefficient for mean temperature given in 
Table LI., D=difference of barometric pressures, and S 
their sum. 
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1 \i:LK LI. — I'aJiU of K in Formula H = 



K . I« 



I>cg. 
M. 1. 


K. 
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o 
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7 
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f 


4y7t/7 
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37 
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47 
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48 
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4-6e«oo 


52 


54785 


4-73366 


468903 


53 


54901 


4*7r,53 


4-69006 


54 


55017 


4*7404? 


469109 


55 


55133 


4*74Ui 


4*69211 


56 


55249 


4*74232 


4'693M 


57 


55365 


4*74323 


4-69416 


5» 


55481 


4*74414 


469517 


59 : 


55597 


4*74505 


4-69619 


60 > 


55713 


4*7459<5 


4-69720 


61 


55829 


4-74686 


4-69821 


62 


55945 


4*7477t 


469922 


63 


56061 


4-74866 


4*7««3 


■ 64 


56177 


4*74930 


4*70"3 


65 


56293 


4*75045 


4 •70223 


66 


56409 


4*75135 


470323 


67 


56525 


4*75224 


4*70423 


68 

1 


56641 


4*75^>i3 


4-70522 


69 ' 


56757 
56873 


4*75402 


4-70621 


70 


4*7549' 


4"7'^2«) 


7» 


56989 


4*7557-^ 


4>.8i9 


72 


57105 


4-75667 


4>)9i8 


73 


57221 


4*75755 


471016 


74 


57337 


4*75343 


4'7»"4 


75 


57453 


47593' 


4'7I2I2 


76 


57569 


4-76019 


4'7»309 


77 


57685 


4"76io6 


4 '71407 


• 78 


57801 


4*76193 


471504 


79 


579»7 


4-76281 


4-71601 


1 80 


58033 


4*76367 


4-71698 


81 


58149 


4*76454 


4'7I794 


82 


58265 


4*76541 


4-71891 


83 


58381 


4-76627 


471987 


84 . 


58497 


4*76713 


4-72083 


85 


58613 


4*76799 


4*72179 


86 


58729 


4-76885 


4*72274 


87 


58845 


4-76971 


4*72369 


88 


58961 


4-77056 


4*72464 


89 


59077 


4*77M2 


4*72559 


90 


59193 


4*77227 


4*72654 


91 


59309 


4*77312 


4*72748 


92 


59425 


4*77397 


4*72843 


93 ' 


59541 


4-77482 


4*72937 


' 94 ; 


59657 


4-77566 


4*73050 


, 95 ' 


59773 


4*77650 


4*73124 


; 96 


59889 


4*77735 


4*73218 


97 


60005 


4-77819 


4*733" 


98 


60121 


4*77903 


4*73404 


! 99 


60237 


4-77986 


4*73497 


100 


60353 


4-78070 


4*73589 


lOI 


60469 


4*78153 


4-73682 


102 

* 


60585 


4*78236 


4*73774 


■ 







J oy Author's Formula with English 
AND American Auti 




I By slide-rule. Place the 47"46 on the slide opposite to 
e 55,133 on the rule j find the result 6,760 on the rule 
posite to S'82 on the shde. 

The same by the American rule, from the standard work 

Lieut.-Col. R. S. Williamson of the U. S. Array, as 
oted by Trau twine. 

Hull. Height in feet= 
SFerence D of barometer x table No. for MT X constant 30 

mean reading of barometer 
lence height=6748'5 feet. 

The same by the Geographical Society's rule by Francis 
dton, F.R.S. See ' Hints to Travellers,' p. 185. 
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Rxampie 2. 

Reading of iarometer at lower station . 30*646 

If It "PPW" »» • 23*66 

Thermometer at lower station 77'5 

,. ., upper „ ... 70*3 

Sum. bar. 30-046 ♦23*66 =« 53*706 T + / =147*8 
Diff. „ 30046- 23-66« 6-386 M. T. = 73*9 

K, see table 57,337 

LA>t; D 0-386 . 0-8052289 

5*5636639 
LogS 53-706 . 1-7300228 

Log alt. 6,817-8 . . 3 -833641 1 

Bv slide-rule as before 6,820. 
The same by the American rule is 6,829 feet and 1 
Gal ton's rule 6,805-6 feet. 

Example 3. 

bar. lower station ...... 28*00 

„ upper „ 22-00 

S 50-00 

L) 6*00 

Temp. JDWcr station .... 60" Fahr. 
, upper ,, . . . 40 ,, 



100 

M. T 50 K = 54,553 

n=l^*I^ = 54J53 ^x. 6 ^ , 3^^ 
S 50 

lly the American rule ..... 6,527*5 

By Gallon's rule ...... 6,552*7 

By Airy's tables ...... 6,571-5 

Examples i and 2 are taken from 'Trautwine' 
* Hints to Travellers.' Example 3 is formed of baronn 
pressures intermediate between the other examples, 
the result from Aire's \.a\Aes *\s \a!«.^Tv ^xowv ^ Tjamphle 
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the aneroid by Houlston & Sons, lent to the writer by an 
instrument maker as being the standard used in graduating 
aneroids. The author's two surveying aneroids graduated 
I to 10,000 feet, the other to 5,000, have their zero at 
31 inches and are graduated almost exactly in the same way. 
The former reads 9,325 feet at 22 inches. Airy's tables 
above alluded to show an altitude of 9,347*5 at that pressure 
and mean temperature of 50° Fahr. 

The American rule would give 9,214*4 feet, Mr. Galton's 
rule 9,318*4, the author's rule 9,263*6, an almost exact 
mean as before between the English and American autho- 
rities. 

The usual corrections for temperature of intermediate 
air are given in tables having 32° Fahr. M. T. as the starting 
point, and consequently are not capable of being applied to 
ordinary aneroid readings without a double calculation. 

In the diagram Fig. 11 1 multipliers are given having 
53° Fahr. mean temperature as their starting point, that 



Feet 

lOOOO, 29 



Correction for latitude and 
decrease of gravity. 




90 LATt 



A^tf/^.— The positive correction for de- 
crease of gravity is to be scaled for the 
required altitude from the left-hand scale. 
Thus, for xo,ooo feet of altitude the cor- 
nsction 29*8 feet is marked so. The cor- 
rection for latitude is scaled in the same 
Way, but positive or negative. 

Fig. 112. 



keing the basis of the graduation of the ordinary aneroid 
xording to the author's mean formula. By using these 
multipliers, the correction can be made with one calculaUotv., 
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and in fact for ordinary work by the slide-rule in the field 
as close as most instruments will read. 

Example 4. At a mean temperature of 70° Fahr. the 
aneroid showed an altitude of 1,265 feet. The multiplier is 

i*o37- 

Place the left hand i of the slide opposite to 1*037 on 

the rule and we have opposite to 1,265 ^" the slide 1,310 on 

the rule, or more correctly, by figures 1,311. 

As a rememlfrancer for every 10 degrees of temperature 

above ^,, , , . add . to , 

below 53°l"ahrenhe.t ^^j^^^^ 2-2 percent, j^^- the regis- 

tcred difference of level by the aneroid. 

The diagrams on Fig. 112 for change and decrease of 
gravity are added more to exhibit at a glance the amount of 
such corrections than for actual use, because it is rarely of 
any practical importance to know them. The local atmo- 
spheric disturbances may be far greater within a small area 
than the ecjuivalent of these corrections in barometric pres- 
sure, so that to apply such refinements as these would be a 
sheer waste of time. 

Thk Hoi ling-point TherxMOmeter ' 

' The boiling-point apparatus (Fig. 113) consists of a ther- 
mometer A graduated from 180° to 215°; a spirit-lamp B, 
which fits into the bottom of a brass tube C that supports 
the boiler D, and a telescopic tube E which fits tightly on 
to the toi) of the boiler. The thermometer is passed down 
ihu tube E from the top until within a short distance from 
the gwater, which it shotild never touch, and is supported in 
that position by an india-rubber washer F. The steam 
passes from the boiler up the tube E, and escapes by the 
hole (). To pack this instrument for travelling, withdraw 
the thermometer and put it into a brass tube, lined with 

' From * Hints to Travellers' by John Coles, Esq., Royal Geo-j 
graphical Socielv 
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india-rubber having a pad of cotton wool at each end ; take 
off the tube E, shut it up and put the small end into the 
boiler D, which it fits, then withdraw the spirit lamp B, screw 
the cover over the wick, and replace it in C. The whole of 
this apparatus fits into a circular tin ^ 

case 6 inches long and 2 inches in dia- 
meter. 

* To use the boiling-point thermometer. 
Take the apparatus to pieces, pour 
some water into the boiler D, the less 
the better, as it will boil the quicker 
(about one quarter full is quite suffi- 
cient) ; then put the instrument together 
as shown in the drawing, taking care 
that the thermometer is at least half an 
inch clear of the water, and light the 
spirit-lamp ; as soon as the water boils, 
the steam, ascending through the tube 
E, will cause the mercury to rise ; wait 
until the mercury becomes stationary, 
and then read the thermometer ; at the 
same time take the temperature of the 
air in the shade with an ordinary ther- 
mometer. 

* When purchasing this instrument 
be careful to see that the lamp is large 
enough to hold a good supply of spirit ; 
it is a common fault to make it too 
small. A small screw which may be 
made of tin to fold up is most useful 
to place on the windward side, and at a 
very low temperature is almost indispensable, as the heat is 
otherwise carried off too rapidly for the water to boil pro- 
perly.' 

The following rule for finding the height due to temper- 
ature of the boiling point, has been prepared in a similar 
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way to that for barometric pressure by adopting a coefficient 
which produces mean results between the EngUsh and 
American authorities. It is for a mean temperature of inter- 
mediate air =53° Fahr. instead of freezing point, as custom- 
ary in the textbooks. This has been done to make the 
coefficient agree with the graduation of ordinary aneroids, 
and for other temperatures the coefficient 540 has to be 
multipHed by the multiplier on diagram Fig. 1 1 1 Plate IX. ; 
thus, at 32° the coefficient becomes '954x540=515, or 
at 82°=54o X I •064=574-6. 

Rtile. Let B= temperature of boihng point in degrees 

Fahr. deducted from 212°. 
H= height of station above level of sea. 
K=54o for a mean temperature of interme- 
diate air of 53° — and varying as ex- 
plained above. 
H=K.B + B2. 

Exa77iple. 

Boiling points ...... '^wyj 

)) )) ...... 210*14 

Mean tcm})erature ...... 82^ Fahr. 

Required the difference of elevation : 

H = 540 X 1-064 X 0*63 + 0-63- . . = 362-37 
ir = 540 X 1*064 X 1-86 + 1-86- . . = 1,072*14 



Ans. diff. in feet . . . . — 709*77 

The value of the boiling-point thermometer consists in 
the fact that it is a perfectly simple machine, there is no 
wheelwork to get out of order, no vacuum to play off its 
caprices. Otherwise it performs the same duty as the 
aneroid. Its results depend upon the assumption that 
water boils at 212° at sea-level. This is not always 
true ; water boils at different temperatures in different 
latitudes and also varies under different conditions of the 
atmosphere. In fact the boiling-point is nothing more than 
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a register of the atmospheric pressure, like the aneroid. 
Water can be put under an air pump at sea level, and made 
to boil nearly at freezing-point. The boiling-point thermo- 
meter is only suitable for the first pioneer work in very 
hilly country, such as finding a pass for a railway through a 
chain of mountains. It is not frequently used even for 
that purpose. 

The surveyor generally contents himself with two 
aneroids rather than spend time in boiling-thermometers. 
It is not, however, such good work, because the best 
aneroids are fickle under varying conditions. 

Office Instruments 

At a pinch the surveyor can get along with hardly any- 
thing more than a pair of compasses and a straight-edge. 

For a short survey, where impedimenta are a great objec- 
tion, with a pocket case of instruments and a slide-rule he 
can do all the protracting, contouring, scale -making, and 
gradient-drawing that he wants. What he misses most is a 
box of good railway sweeps. They are bulky, and it is 
seldom he can afford space for them. 

The author has combined in one box, 19 inches long 
by II inches wide by 8i inches deep, a complete repertory 
of all the drawing instruments he requires, and though 
quite bulky, he has contrived to make room for it wherever 
he has gone. A description may be useful. 

At the bottom is a full set of railway sweeps, i to 240 
inches radius. A boxwood rolling parallel ruler with the 
edges graduated as a protractor and loaded in the middle 
with lead to steady it. 

On the lower tray is a colour-box and water-dish, recep- 
tacle for liquid ink, liquid carmine, and liquid prussian blue 
in their own bottles. Small hammer, wire-cutting nippers, 
* Yankee notion' screw-driver-bradawl, store of pencils, 
rubber, and colour-brushes, needles, copper-wire, brass 
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screws, paperclips, small sponge, chamois-leather, palette, 
lancet, surgical needle. 

On the upper tray are^ six-inch German silver circular 
protractor with short arm and vernier, reading to 'oi degree; 
three ply magnifiers for ditto. Complete set of drawing 
instruments, including proportional compasses and trammels. 

In the lid ivallet are one 1 5 inch, 60° set square, one 
12 inch, 45° set square ; two French curves, card of crow- 
quills, one 9 inch paper protractor. 

On the lid-flap are one set of ivory scales 10 to 60, one 
universal scale, all 1 2 inch. They are laid out in a row in 
elastic loops, so that they can be withdrawn without needing 
to search for the right one. Also one small 45° and one 
small 60° set square. 

It is not only a great convenience, but the best plan of 
keeping one's instruments to have them all together in a box 
where each one has its own place, and becomes * conspi- 
cuous by its absence.' 

A tee-square is much the best means of protracting angles, 
where the sheets are not longer than can be reached by it. 
The steel tee-square with bronze head sold by Charles 
Churchill & Co. of Finsbury, though an expensive instru- 
ment, is well worth its price. It is a protractor with a 
36 inch arm, and a tee-head. It has a clamping screw with 
a large head to it, so that it is adjusted in a moment to any 
angle. It is used with an ordinary set square. 

Barnett's diagraph, which only costs lu., is another and 
ingenious instrument for rapid plotting, by the same makers. 

Where no very great accuracy is aimed at, a paper 
protractor pinned down in one corner of the board, an 
ordinary tce-squaie, and a single jointed two-foot rule with 
a pretty stiff joint form a very cheap and efficient method of 
protracting. 

The tee-square is run up to the protractor, and the 2 -foot 
rule is set to the angle. It is then run down to the station 
from which it is to be laid off by the tee-square. It is useful 



Instruments 361 

for laying off bracing of trestles ; equal and opposite battering 
walls &c., because the 2 -foot rule has only to be reversed to 
give the opposite angle. 

It is also very useful for making strain -diagrams — 
although that is outside our province— because it is not so 
liable to shift as a parallel ruler. 

The eidograph and pantagraph are occasionally a great 
help to the surveyor, but they can hardly be called satis- 
factory instruments. Reduction of plans is much better 
done by dividing them into squares, and aided with propor- 
tional compasses does not take much longer than by the 
eidograph. 

The planimeter is a most valuable instrument to those 
who have extensive computations of acreage to make. It 




Fig. 114. — Amsler's Planimeter. 

does the whole work by recording, on a pair of indicator 
wheels, the travel of a roller round the pcripher)- of any 
figure. Stanley's computing scales, which are much cheaper 
than the planimeter, are an efficient substitute for it and do 
not take very much longer. 

The Slide-rule 

This ancient but not antiquated instrument is not nearly 
as much appreciated in this country as it ought to be. 
Thoroughly scientific as it is in principle it has until recent 
years suffered from the imperfection of mechanical science 
which prevented the attainment of the same accuracy in 
graduated scales which is possible with figures. 

The increased skill in making dividing-lathes has enabled 
the mechanician to produce an instrument of precise accuracy 
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only limited by ii> length and the consequent \isibilicyoi 
the graduation. 

The slide-rule has been formerly known as C(^geshall's 
rule or the <*arpenters slide-rule, and has been r^rdedasa 
rough though labour-saving makeshift. 

Ever since its invention by,dightied it has been mis- 
understrxxi, until recently the French and Italians have 
brought it into something of the estimation which it desenes. 
Oughtred is said to have kept the instrument by him many 
years out of a settled contempt for those who would apply 
it without knrjwledge, having *onely the superficial scumme 
and froth of instrumental trickes and practices, and wishing 
to encourage the way of rationall scientialists, not of ground- 
creeping Methodicks.' ' 

A glance at the catalogue c f rules of all sorts, sizes, and 
prices from 6j. up to lo/., manufactured by the firm of 
Tavernier-Ciravet, will show that the French have appreciated 
this instrument more than we. 

A vcr\' decided improvement on the cheaper form of 
boxwood rules lias, however, been made by Messrs. Davis 
& Son of Derby and London, by overlaying celluloid upon 
hard wood. It looks like ivory and costs no more than the 
lo-inch Mannheim slide-rule. The graduation is quite 
equal to that of the French rule. There are some points of 
advantage in the writer's opinion in favour of the latter, but 
which might be easily adopted by the English makers it 
they were so disposed. 

In Preliminary Survey the slide-rule is simply invaluable, 
and it is astonishing how quickly its manipulation is acquired, 
especially by those accustomed to read graduation of any 
kind. 

If it were only for the one operation of reducing the 
optically measured distance to horizontal and vertical co- 
ordinates, and the horizontal distance to latitude and de- 
parture by two shifts of the slide, no surveyor should be 
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without one ; but that is only one of its numerous func- 
tions, some of which are described in the chapter on Graphic 
Calculation. 

To do justice to all the applications of -the slide-rule to 
the various branches of technology would require a small 
volume for that purpose alone. 

The printed directions supplied with the slide-rule only 
give general principles, and therefore instructions are given 
in this manual for a considerable number of those opera- 
tions which are most commonly required upon survey. 
Repetition is of course unavoidable, but inasmuch as th^ 
use of the instrument may not be continuous, if its special 
application to some particular rule is forgotten it will not 
be used at all. It was therefore considered advisable to 
give numerous examples with the various rules. 

The instructions for using the slide-rule are principally 
contained in Chapter VIII., but they are also necessarily 
interspersed all over the book. They are partly for sexa- 
gesimal degrees, although in many places decimal degrees 
are given along with minutes and seconds ; Tables XL., XLL, 
and XLIL, moreover, give a ready reduction of minutes and 
seconds to decimals of a degree. Nothing has been worked 
out with the centesimal degree, that being so much of 
a novelty that ever)»thing would have had to be in duplicate. 
MM. Tavernier & Gravet, and Messrs. Davis & Son, 
make slide-rules graduated for the ordinary degree divided " 
decimally, and they can be used for minutes without any 
reduction, because the subdivisions are merely at 3', 6', 9', 
12', &c., which are '05°, '1°, '15°, '20°, and may be used 
either way. Instead of the mark for single minutes, there 
is one for -oi degree. 

The slide-rule may be used for long rows of figures by 
placing them in batches of threes ; but its chief value is for 
all those small calculations up to an accuracy of 7^^, which 
only require one adjustment of the slide ; for in these the 
operation is performed in less time than it would take tp 
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look up the fiist fecior d( 
sum in the table of It^riihir 
to put them down on papi 
ordiii2r>' reckoning. 

The instrument, in its pi 
form, will perfonn accvratil 
without any mental effort 
rtvr, a whole mass of tir* 
small calculations in le&' 
hair the time it would take 
quick man to work them < 
any method he might choc 

In the field everj- si 
knows how books and tabl 
soiled pages and fluttering 
become lessons of patient 
self-control to him, but thi 
rule enables him to resent 
moral exercises for other 
. sions- All graphic operati' 
essentially approximate, \>\ 
' possible to arrive at as c 
approximation as may he 
for the purpose in view wl 
object and the principle a 
clearly understood, and 
give perfectly correct resuli 
in the limits prescribed. 

The principle of the sli 
is that oi graphic logan'tki. 

The organic formula c 
rithms is Log (Ax B)^l. 
log B. We can obvious 
form this operation by sea 
well as by figures. For if 



^^B of B by scale or by figures, the sum of the two loj 
^Hlms will represent the product of tiie two numbers. 
^^Berring to Fig. 115, the slide has been shown withdra; 
^Be primary division to tbe left ; and it will be notio 
^^Et the I of the upper scale of the rule is over the 1 
^^K slide, the 2 over the 4, the 3 over the 6, and so c 
^Hpie slide had been shown in its initial position, alt t 
^BlKs would iiave been in correspondence, because they a 
^Bkil iogaritkmic scales. That is to say, the instrumi 
^^ucer has constructed the space 1 to 2, by any conveniei 
^|pe of equal parts, =301 units, because the logarithm 
^Hi '301. Similarly the space from 1 to 3 is made equal 
^B^ units. The space from i to 6 is 778 units for the 

^V By retreating the slide 301 units to the left in the mann 
^Kmn we add to the whole scale of the rule an amount! 
^n a, and consequently represent graphically the moltip 
^Kion of every figure on that scale by 2. The 3 of tl 
^Be coincides with the 6 of the slide because on the c 
^^h units are added to 301 units on the other, making 7J 
^Hnts, which is the log 6. 

^" The intermediate graduation is made in the same r 
ner, each line being ruled off in the instrument make 
dividing lathe at a distance equal to its tabular logarithm. 

The upper scale of the rule is doubled, so that if w 
to the left hand i the value of i, the middle 1 will be ; 
and the right hand i will be 100. 

The lower scale is only single in the first place t 
with less range it has a more open graduation so that by 
some figuring can be done twice as closely as by the uppc 
In the second place it will he observed that all its figuE 
are under their doubles on the upper scale. As twice ti 
log means the square of the number all the lower figifl 
are the square roots of the upper and we can perform i 
lution and evolution without moving the slide at all. 

Where the Io«'er figures are gwci\ i.Vct \w&ta.^«&^'^sJ^<^^" 
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and are under the righl hand half of the upper scale, the 
figures of the latter must be given ten times their indicated ■ '^ * 
value : thus 6 is under 3*6, which must be styled 36 and 
so on. 

Tlic stales of sines and tangents are constructed from the 
tal)ulatcci logarithmic sines and tangents ; but with a radius 
of 100, of which the logarithm is 2. Tabular values are 
always figured to a radius whose logarithm is 10, so that the 
integral number 8 is deducted from all the tabular values. 
The pnxx'ss of calculation is the same as with numberSi 
only llic sines and tangents cannot be read lower than -^ .^"^ 
34' 23 ' nor the tangents above 45°. Smaller angles and higher 
tangents can be obtained in another way as explained at 
p. 247, Kx. 4, and p. 274. 

The use of the brass marker or index is both to ret^^^ 
a number found by one process whilst the slide is bei"^^ 
shifted to make a second calculation and also to perf(7^ 
involution and evolution without using the slide. 
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Thk Station-pointer 

This instrument is a treasure to hydrographers. ^ ^,^otv 
it they locate their position at sea from three fixed points c^^^^^,^> 
shore, very rapidly and exactly. AA, BH, and CC are thrt^:^^^^^^^^ 
arms having a common centre O round which two of then^ ,^ 
can be moved in any direction ; 1 )!'. is a circle graduate(^ ^^^ 
from zero to i So on each side of the central fixed arm whicl" ^ ^ 
is permanently set to zero. The two other arms are provide^^^^^ ^ 
with verniers, and when angles are taken with the sextant 10^ 
the three fixed points forming two angles, one on each side 
of a central point, these two angles are laid off on each side 
of zero on the station pointer, which is then laid down on 
the chart so that each of the three arms points to one of the 
fixed points. The centre of the instrument will then be at the 
position of the point of observation on the chart, which is 
then pricked off through the pin-hole left for the purpose. 
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ame problem as that described in Route Sur- 

i, performed by the plane-table. 

y case when the station- pointer will not locate 

Tom three known points 

; station happens to be 

mference of a circle de- 

ut the three points. If a 

ade of the three arms it 

id that the centre of the 

imli can be moved into 

n in the circumference, 

iree arms will still go 

: three points. 

ays practicable to choose 

;h will not fall into this 

ne thing can be done by 
le bearings on tracing 
superimposing it upon 
/orking them round until 
itersect the points. This 
se, not so rapid or cor- 
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utical Almanac is the most indispensable portion 
veyor's library. The chapter on astronomy to- 
the glossary will explain all that is needed for 

'let's Almamuk is a substitute which is quite suffi- 
ic more ordinary calculations of the geographical 
A couple of the shilling edition should be taken, 
3se leaves can be cut out which supply the data 
itions, and carried about without taking up any 
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Roper's Navigation is one of the best works on nautical 
astronomy in the English language. It is bulky, and con- 
tains a great many more subjects than the surveyor requires. 
It has, however, a full supply of mathematical tables, and 
if the surveyor has not a copy of Chambers's or Weale's 
mathematical tables this work is the best he can procure. 

Chambers's Practical Mathetnatics is a very suitable book 
for those who do not intend to go deeply into the subject. 
It abounds in examples and illustrations, and would doubt- 
less clear up many points that it was impossible in a treatise 
like the present one to handle thoroughly on the subject 
of geodetic astronomy. 

CJiambers^s Mathematical Tables are more comprehensive 
than those of Weale's series. Either will do quite well for 
the surveyor's purpose.^ 

Dr Crelle^s Calctilating Tables are a triumph of German 
patience. I'hey are a multiplication table in 500 pages ot 
quarto. I'hree figures by three figures are multiplied by 
simple inspection. Larger sums are performed by dividing 
them up into threes. Every extensive survey should be pro- 
vided with them for office use. Ordinary small surveys need 
nothing more than the slide-rule. The place of Crelle's tables 
in the economy of calculation comes between the logarithmic 
tables and the slide-rule, being quicker than the former for 
three or four figure calculations and closer than the slide- 
rule. But even when they are well understood they do 
not approach the rapidity of the slide-rule for small calcula- 
tions. 

Trautwine's Pocket Book, This wonderful compendium 
of general engineering knowledge had reached its 27th 
thousand three years ago. There is no one book which the 
writer would place beside this as a vade-mecum for the 
engineer who travels abroad either to America or the 
Colonies. 

' Dr. Bremiker's Mathematical Tables are for ordinary degrees 
divided decimally. Ascher and Co., Bedford Street. Price u. dd. 
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MoIeswortNs Pocket Book is likewise a remarkable collec- 
tion of useful tables and formulae. It is not so explanatory 
as Trautwine but less bulky and expensive. Engineers going 
to India will find in it special information upon engineering 
as practised in that country, which Sir Guildford Molesworth 
\ has been in the best possible position to collect. 

SporHs Shilling Pocket Book of Engineering Fortnulce con- 
I tains, along with other most useful information, a table of 
sines and tangents which are closer than Molesworth's and 
are sufficient for ordinary curve-ranging. 

Hints to Travellers. This handbook of the Royal 
Geographical Society is as remarkable for the modesty of 
its title as the value of its contents. It is mainly devoted 
to geodetic astronomy and route-surveying, but it has 
chapters on all the subjects of interest and importance to 
travellers, including geology, natural history, anthropology, 
&c., &c. It is the cheapest five-shillings' worth that the 
traveller can put into his outfit. The portion on surveying 
is by Mr. John Coles, the accomplished Instructor to the 
Royal Geographical Society and Curator of the Library. 

Fieldbooks. The form of fieldbook recommended for 
tacheometry has been given on p. 178. The printed 
books can be had through Messrs Elliott Bros. They are 
marked No. — on the outside, and have an eyelet hole for 
holding the pencil. 

Hold-alls, The best way to preserve pencil and rubber 
is to keep them and a lo-inch slide-rule in a canvas hold- 
all, buttoned on to the coat, against which it lies quite flat, 
and each article when used is replaced in its own proper 
place. A red and a blue pencil should be added for detail- 
sketching, or else red-ink and blue-ink fountain-pens. 

MS. books. These should contain about 100 pages. 
Half a dozen should suffice ; well bound to resist 
damp climates. 

Stationery and drawing paper, A good supply of ruled 
profile paper will be found most useful, not only for cross- 
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sc-<:t ions and profiles, ^ut also for estimates, diagrams^ nij 
fliflfcrcni kinds of :^calc -drawings. 

'Vm* in^ {ia{K:r is not of much use in a nying climfc^ 
'1* raring dodi with one dull side is best, as pendlling 
liC done upon it as easily as on tracing paper. A toii|^lif<r 
writing ]ia{x;r suitable for foreign postage and for using A^\ 
the manifold writer will be found the most generally 
Ink-iK'llets soluble in water make a fair substitute for 
nary writing fluid, and are no dearer. A gold pen sa?esill 
tost over and over again. 
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Tin. Althor's Ol'tfit of Surveying Instruments 

'Jhc ffjllf>wing complete list of a surveying outfit, sudi ai] 
is recommended for an extensive survey, costs from 100/. to] 
120/. 

* Ideal ' tachcMimeicr. 5 -inch horizontal and 6- inch vertical timt 
Tck'M.'ojH.* of 12-inch focal length and eyepiece magnifying 50 dia- 
meter-., liaving micrometer screw head fitted on right-hand side of 
eyepiece. Kixed >iadia hairs I 100, and vertical moving hair worked 
by iiii( T'lineter >cr<:w graduate*! to I lo,ooo inch. Perforated axis 
.iii'l lantern. I)iag*)nal eyepiece. 

Level stnlV, One ordinary 3-draw Sopwith 16 feet staff, with 2 vanes 
fixed 10 feel a])art for micrometer readings at long distances, and 
portable table for same. 

Field-books, One <lozen sjxicially printed fieldbooks, arranged for 
stadia nu:a>^ureme^ts and space for sketching. 

One Verner's larj;e size military sketch-board-plane-lable and metal 
tripod-stand, the scales l>eing adapted to railway work. 

.Six <lozen strips of impervious paper for ditto, ruled J-inch with co- 
ordinate lines. 

One Kxj-feet >»teel chain and 2 sets arrows. 

One lOo-feet steel taj)e, divided into feet and hundredths. 

One lorj-feet linen ditto, divided into feet and tenths. 

One bill hook, with long handle. 

One small axe. 

Three ash ranging rods. 

Ail the above are in two iron-bound deal cases ^ forming 

one nttilc' s btirden* 
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12-inch Y level. 
.Weldon range-finder. 
Abney level, with prismatic compass. 

► surveying aneroids, one reading to 5,cx)0 feet, the other to i5,ocx) 
J fixed altitude scales and verniers. 
» keyless semi-chronometer watch, 
ft pedometer and one passometer, 
e large case of drawing instruments as described, 
e pocket case of drawing instruments. 
iiats to Travellers. '—Stanford. 
siiiiker*s Mathematical Tables. 
Unbeis's Practical Mathematics. 
ioiitical Almanac. 
ldtaker*s Almanack (2). 
I. Crelle's Calculating Tables. 
Books (2). 
_ cloth with dull back, 24 yards by 30 inches. 
^MQe paper, ruled to scale. Drawing pins, pens, pencils, liquid ink, 
^ liquid blue, liquid carmine. 
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APPENDIX 



PLANE TRIGONOMETRY 

FUNCTIONS OF RIGHT-ANGLED TRIANGLES 



6L/ 



sin A = 
cos A «= 
tan A = 



a 
c 
b 
c 
a 
b 




sec A cosec A 
cot A _ i_ 
cosec A sec A * 
sin A I 
cos A cot A 
cos A I 



cot A = -=_^ 

a sin A tan A 



sec A = ^ = 
b 



cosec A 
cot A 
sec A 



cos A 
I 



cosec A « - = -. -, — - 

a tan A sin A 

sin * A + cos ' A = I 

sin A = -^ I — cos '^ A and cos A = >/ r-^liP 

sec ^ A = I + tan ^ A and cosec '^ A = i + cot ^ 

sin A X cosec A = 

cos A X sec A = 

tan A X cot A = i 

sin '^ A + cos ^ A = / 

sin (A + B) = sin A. cos B + cos A. sin B . 

sin (A - B) = sin A. cos B - cos A. sin B . 

cos (A + B) = cos A. cos B - sin A. sin B . 

cos (A - B) = cos A. cos B + sin A. sin B . 



(I) 

(2) 

(3) 
(4) 
(5) 

(6) 

(7) 
A (8) 
A (9) 

(lO) 

(II) 

(12) 

(13) 
(14) 



3?-: 



•■AT n 



. rl I 



A ■ h - sir A - B> - 2 sin A. cos B 13 
;:, - B - SIR A - B - 2 cos A. sin B '\\^) 
A - B - orti .A • B^ - 2 cos A. cosB(i7) 
^ _ y; ^ rw A - B^ - 2 sin A. sin B (18) 
: ^ - r sir A. rw A 
: A •- rns A - sra * A . 
rrK r A - r ros - A 
.-ft- : A - r sir. ^ A 
■■ s - : sir A ~ • sin' A 
: >^ i. t-ns- ' A - ji i-cvs A 
r ikr. A <^ tAn B 

: - un A. tan R 
. :Ar. A - tan B 

. -^ UinA.tan B 
: lar A 
: - xar. ■ A ' 
sir. A 



(I* 
(20) 

(21) 

(23) 

(24) 

(25) 






; CK * A 

.-iX - * A 



sin A 



1 - cos A 
001 i A 
:,in - A 



(26) 

(27) 
-(28) 

(29) 



•",''■*»/;/'* ■•.'.''r-r.v v. sciitj^ :7r!i .7'n_^\'s rr'/rian^/es. 



I 







•^ f'... :«; C 




CO" .-v 


r ■ 


- .■ ■ ,7 ' 
2:: 


30 


i:o> i> - 


■ 


- / 

2.3.- 




cos C ■ 


J 


• 

■-.'■* — 


- .3' 


2 sin - * 


A 


.»*.'• — ."' <J - .- - F: 

2.V 


■ 33": 


2 cos - 5 


A 


_ dr • ^ - r' .^ - r — <2> 


. (34) 
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Righf-angled triangles. 

Case I. Given the hypotenuse c^ and a side b. 

sec A = Rx^-r-^ (35) 

^i = tan A X ^ -f- R (36) 

C = 90° - A {yj) 

Case 2. Given a side ^ and one of the oblique angles A. 

C = 90° - A (38) 

a = sin A X ^ -f- R (39) 

b = cos A X iT -^ R (40) 

Oblique-angled triangles. 

Case I. When two angles and a side opposite are given. 
The sides are proportional to the sines of the opposite angles. 
Let AB and a be given ; then 

C = i8o°-(A + B) (41) 

b = — . — — (42) 

sm A 

a, sin C .. 

^ ~ — = — IT ...... ^43; 

sin A 

Case 2. When two sides and an angle opposite to one of 

them are given. 

Let a, b, and A be given. 

Bb. sin A , s 

= (44) 

a 

'^ /-* c. sin j\ / , -\ 

sm C = (45) 

a 

B = 180° - (A + C) (46) 

or C = 180° - (A + B) (47) 

, a. sinB /^QN 

o = ~ -,- — - , . . . . . . v4o) 

sin A 
Case 3. Given two sides and the included angle. 
Let a, by and C be given. 
A + B = 180° - C ; 

tan HA - B) = (? - ^)'':^^}^^-^ . (49) 

a -^ b 

A = J (A + B) + i (A - B) . . (50) 

B = i(A + B) -i(A - B) . . . (51) 

ir*= a* + ^' f 2 d:^. cos C . . . . (52) 

When C is obtuse the + sign, and when aqute the - sign 

to be used. 

/ 
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Case 4. WTicn the three sides are given. 
Let <i, ^, and c be given and j = ^(a -¥ b \c\ 

1 r . '^^ - «) (^ - ^) 
a. b 

SPHERICAL TRIGONOMETRY 
Right-cmgled Spherical Triangles. 



V3J/ 




Gwfc' I. Given the hypotenuse b and one of the angles Ij 
find the other parts. 

tan a ^ cos C x R -^- cot b . . . (54) 

sin ^ sin ^ X sin C -^- R . . . . (55) 
cot A =- cos ^ X R -f- cot C . . . . (56) 

Case 2. Given the hypotenuse b and a side a. 

cos C = cot b X tan « -4- R . . . . (57) 
cos c = cos 3 X R -f- cos a . . . . (5^) 
sin A -= sin a x R -r- sin 3 . . . . (59) 

Case 3. Given the two sides a and c. 

cos b = cos c X cos a-r- R . . . . (^) 
cot A = sin ^ X R-r- tan a . . . . {^^' 
cot C = sin rt: X R -r- tan c . ... (^^' 

Crtj^ 4. Given the two angles A and C. 

cos ^ -= cot A X cot C -=- R . . . . (^^\ 
cos c ^ R X cos C -^ sin A . . . i. J^ 

cos a ^ R X cos A -4- sin C . . . {P^ 

Case 5. Given a side ^ and its adjacent angle C. . 
cot <^ - R X cos C -7- tan a . . . . iy^ 
tan r = R X sin ^ -J- cot C . . . . (^^ 
cos A = sin C x cos a -r-R . . . (6^ 

Case 6. Given a side ^ and its opposite angle C. 
sin ^ = R X sin iT -f- sin C . . . . (69^ 
sin A = R X cos C -r- cos c . . . • ^^ ^ 
sin « = cot C X lau c ^It^ . ' * ' ^"^"^ 
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This last' is tenned the 'ambiguous' case. See Chambers's 
' Practical Mathematics/ p. 379. 

R expressed logarithmically is lo-oooooo. 

Oblique-angled Spherical Trigonometry, 
A- 




Q Fig. 120. 

Rule I. Given three sides to find the angles. 
Let s - \ (a ■\' b -'t c\ 

Then sin i A = /Ij" (^ 7 ^iZXl" (^.-_f) . (72) 
"^ ^V sm ^ X sm c 

. , T> /sin (j - tf) X sin (j — rj .. 

'V sm ^ X sm ^ 

. , ^ / sin {s — d:) x sin (^ -^^) . ^ 

cos i A = . /UnJi^Iln^HZ) . . (75) 
V sm ^ X sm ^ 

and for B and C the formulae are exactly analogous. 

Rule 2. Given two sides and the included angle to find the 

other parts. 

Let a and b be the sides and C the given angle. 

sin \{a ■>(■ b) : sin J (a '^- ^) : : cot ^ C : tan ^ (A -^ B) ; 

cos \{a -k- b)\ cos \{a r^ b)\'.ZQ\.\ Q\ tan i (A + B) ; 

whence A = i (A + B) + J (A - B) . . .* (76) 

B = i (A + B) - HA - B) . . . ij^) 

To find c, 

sin J (A '-^ B) : sin ^A + B) : : tan \ {a ^ b) \ \.2LXi \ c \ 

.'. tan J iT = sin J (A + B) x tan \{a ^^ b)-^ sin i (A ^-^ B) 

In every spherical triangle the sines of the angles are pro- 
portional to the sines of the opposite sides. 
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Rule 3. Given two sides and the angle opposite to one of 
them. 

Let a^ bj and A be given, then B is found by 

sin <2 : sin ^ : : sin A : sin B . . . . (79) 
and for c 

Un I <: : tan ^ (a ~ ^) : : sin i (A + B) : sin i (A-B) 
and for C ' (80) 

cot I C : tan i (A '^ B) : : sin i (a + ^) : sin i (a ~ *) 



Table LI I. 



(81) 



Values o/sATi b X sin Cfor Years 1890 lo igoo /rr Azimuth 
by fi ami 8 Draconis in same VcrticaL 

log sin Azim = tabular constant ~ log cos Lat 
1890 9-48568 



1 891 
1892 

'893 
1894 

1895 
1 896 

1897 
1898 
1899 
1900 



948559 
948549 

948540 

9*48531 
948521 

9*48512 

9-48503 

9-48494 
948484 
9-48475 



Table LIH. 



Values /'/'sin b x sin Q for Years 1890 to \<^oofor Azimuth by $ a 
€ C/rsrr Major is {Merak and Alioth) when in same Vertical. 

log sin Azim ^ tabular constant — log cos Lat. 
1890 9*72910 



1891 
. 1892 

1893 
1894 

1895 
1896 

1897 
1898 
1899 
/9CO 



9*72917 

972923 
9-72930 

972936 
972943 
972950 
972956 

972963 
9-72969 



r 


WiP 


^" 


■M 


i 


TAMI.E LIV. 




1 


'iadii tBnapBHding to Decimali aj a Degne of Curvatui 


1 




per Choyd of \ta fa 








»f 


Radim 


Angltuf 


Radius Angle of 


Bndms lAnslcof 


Radius 




" 


lnf«, 


d=fl«L.™ 


in^itl 1 t « 


mf=« ^ deflation 


i„f«. 






114592 


2-6o 


2204' 


8-20 


699-3 20 -oo 


287-9 




57296 


270 




8-40 


682-7 21-00 


274-4 






38197 


2 -So 


2046 


8.6o 


666-8 22-00 


262-0 






28648 


2 '90 


1976 


8-80 


651-7 


23-00 


250-8 






22918 
1909S 


3-O0 
3->o 


1910 
,84s 


9-00 


637-3 
623-4 


24-00 
25-00 


240-5 
231-0 






9 '20 




16370 


3 -20 


1791 


9 ■40 


610-2 


26-00 


222-3 






14324 


3-3° 


1736 




597-5 




214-2 






12732 


3-40 


16S5 




SS5-4 




2067 






"459 
ICH17 


3-So 
3 -So 


ID37 
1592 




573-7 
562-5 


2900 

: 30-00 


'99-7 
193 a 






10 -20 




9549 


370 


1549 


10-40 


SSi-7 


IS'OO 


187-1 






8815 


3-80 


:50s 


iD-60 


541-3 


1 32-00 


181-4 






S.S5 


3 -go 


,469 


io-8o 


53' -3 


33-00 


176-0 






7639 




'433 


11-00 


5217 


34-00 


171-0 






7162 


4-20 


1364 




512-4 


35 -oo 


166 -3 






6741 


440 


1302 


ri-40 


503-4 


36-00 


161 '8 






6366 


4 '60 


1246 


II-60 


494-8 


37-00 


157-6 






6031 


4'So 


1 194 




486-4 


38 '00 


153-6 






5730 


S'oo 


1146 




478-3 


39-00 


149-8 






5209 


5-20 




12-50 


459 '3 




146-2 






4775 
4407 


5-40 
5 -So 


5 


i3'oo 


44' -7 
425-4 


4200 


139-52 
'33-47 






13-50 




4093 


5-80 


9SS 


3 


14-00 


4'o-3 


46-00 


127-97 '■ 




3820 


6-00 


955 


4 


14-50 


396-2 


4800 


iM-93 






3SS1 


^■20 


924 


5 


15-00 


383-1 


50-00 


118-31 






3370 


6 '40 


895 


7 .. 15-50 


370 -8 


55-00 


.08-28 






3183 


6 '60 


868 


6' i6-bo 


359-3 


60-00 










6 So 


S43 


1 1 16-50 


34S-5 


65-00 


93-06 






2865 
2729 


700 


8.9 
796 


,7-00 
3 '; i7'5o 


338-3 , 70-00 
328-7 '1 75-00 


87-17 
S2-13 






7-20 




2605 


7-40 


774 


8 |. iS'oo 


319-6 So-00 


77-78 






2491 


7-60 


754 


4 [ ;8-5o 


3II-I 1 85-00 


74-01 






^387 


7 -So 


735 




302-9 1 90-00 


70-71 ■ 




2292 


800 


716-8 ' igso 


=95-3 


j 1 










II 






^^ 


^^ 


^ 




i 
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Table LV. 
General Elements of the Decimal Spiral, 



No. of point 



I 

2 

3 

4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 
14 

15 
i6 

17 
i8 

19 

20 
21 



Curvature in 

one chord 

n. c. 



degrees 
0-2 
0-4 
0-6 

0-8 
i*o 

1*2 

1'4 
1-6 

1-8 

2*0 
2*2 

2*4 
2*6 

2-8 
3'0 
32 

3 '4 
3-6 

3-8 
4-0 

4'2 



Total 

curvature 

up to « 

s 



degrees 
0*2 

o*6 

1*2 
2*0 

3*0 
4*2 

5-6 

7*2 

9*0 
ii*o 
13*2 
15-6 
i8-2 

21 -O 
24*0 
27-2 
30-6 

34*2 

38-0 

42-0 
46*2 



Total curvature Tangenn^ 

up to mid-chord ai^ocan§K 

or deflectkm of , betveenkx^ 

^hort chord from ' choid and 

main tangent i main umge&t 

k i 



depiee^ 


degrees 


o-i 


O-I 


04 


0-25 


o*9 


0-47 


1-6 


0-75 


2*5 


i-io 


3-6 


1-52 


4*9 


2-00 


6-4 


2-5S 


81 


3-17 


lo-o 


3-85 


12*1 


4 -60 


144 


5*41 


16-9 


6-30 


19-6 


7-24 


22*5 


8-26 


25-6 


9*33 


289 


10-48 


32*4 


11-68 


361 


12-95 


40-0 


14-29 


44*1 


15-69 



Table LVI. 
Elements 0/ No. 2 Spiral for Tratmvays, 



n 



r 



y 





feet 


feet 


feet 


feet 


I 


572-96 


•003 


2-00 


2 


2 


286-48 


-017 


4-00 


4 


3 


190-99 


-049 


6-00 


6 


4 


143*24 


-105 


8-00 


8 


5 


1x4-59 


' *I92 


10-00 


10 


6 


95*49 


; 318 


11-99 


12 


7 


81-85 


•488 


13-98 


14 


8 


71-62 


i -711 


, 15*97 


16 


9 


63-66 


' -993 


' 17*95 


18 
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Table \N\,^- Continued. 
Elements of No. 2 Spiral for Tramways. 



n 


r 


X 


y 


L 




feet 


feet 


feet 


feet V 


10 


57-30 


1-34 


19-92 


20 ^ 


II 


5209 


1-76 


21-88 


22 ^ 


12 


4775 


2-26 


23-82 


26 'i^ 


13 


44 'oS 


2-84 


25-73 


H 


40-93 


3-51 


27-61 


28 V , 


15 


38-20 


4-27 


29-46 


30 ^ 


16 


35-81 


5-14 


31-26 


34 ^ 


17 


33*71 


6-10 


33-02 


18 


31-84 


7-i8 


34-70 


36 i^ 


19 


30-16 


8-35 


36-32 


38 i 
42 < 


20 


28-65 


9-64 


37-85 


21 


27-29 


11-03 


39-29 



I ' 



Table LVII. 
Elements of No. 5 Spiral for Tramways and Light Railways. 



n 


ds 
degrees 


r 


X 

feet 


y 

feet 


L 




feet 


feet 


I 


4-00 


1432-4 


0-009 


5-00 


5 


2 


8-OI 


716-2 


0-044 


lo-oo 


10 


3 


1 2 -02 


477 'S 


0-I22 


15-00 


15 


4 


16-05 


358-1 


0-262 


20-00 


20 


5 


20-I0 


286-5 


0-480 


24-99 


25 


6 


24-18 


238-7 


0-794 


29-98 


30 


7 


28-29 


204-6 


1-22 


34-96 


35 


8 


32-43 


179-0 


1-78 


39 93 


40 


9 


36-62 


159-16 


2-48 


44-88 


45 


10 


40-86 


143-24 


3*35 


49-81 


50 


II 


45-16 


130-22 


4*40 


54-70 


§5 


12 


49-52 


119-40 


5-64 


59-54 


60 


13 


53-97 


II0-20 


7-10 


64*32 


65 


14 


58-50 


102-31 


8-77 


69-03 


70 


15 


63-14 


95*54 


10-69 


73-65 


75 


16 


67-89 


89-53 


12-85 


78-16 


80 


17 


7279 


84-25 


15-26 


82-54 


85 


18 


77-84 


79*58 


17*94 


86-76 


90 


19 


83-07 


75*40 


20-89 


90-80 


95 


20 


88-53 


71-63 


24*10 


94*63 


100 


21 I 


94-26 1 


68-21 


27 -s^ 


y oj?»•^^ 


\' ^-^S 



\ 
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Table LVIII. 
Elements of No, lo Spiral for Light Raihvayi. 



n 


degrees 


r 
feet 


X 


y 


1 

\ 




feet 


feet I 


feet 1 


I 


2-000 


2,865-0 


0*017 


10 -oo 


10 


2 


4*ooi 


1,4320 


0-087 


20*00 


20 


3 


6 -003 


954*9 


0-244 


30*00 


30 


4 


8 -006 


716-2 


0-523 


39*99 


40 


5 


IO*OI2 


573*0 


0*960 


49*98 


50 


6 


1 2 -022 


477*5 


1*588 


59*96 


60 


7 


14034 


409*3 


2-442 


6993 


70 


8 


16-052 


358*1 


3*556 


79*87 


80 


9 


18-074 


3i8'3 


4*96 


89*77 


90 


lO 


20-102 


286-5 


6*70 


99*61 


100 


II 


22-136 


260-4 


8-80 


10939 


no 


12 


24-197 


238-6 


11-28 


119*08 


120 


13 


26-226 


220-4 


14*19 


128-65 


130 


14 


28-283 


204-6 


17*55 


138*07 


140 


15 


30-350 


191 -0 


21*37 


147*31 


150 


i6 


32-427 


179*1 


2569 


156*32 


160 


17 


34-514 


168-5 


30-53 


165-08 


170 


i8 


36-614 


159-2 


35*88 


173*53 


180 


19 


38726 


150-8 


41-78 


i8i*6i 


190 


20 


40-852 


143*3 


48*20 


189*27 


200 


21 


42-992 


136-4 


55*i6 


196*45 


210 



Table LIX. 
Elements of No. 15 Spiral for Light Railways, 



u 


1 

d s 


r 

1 


X 


y 


L 




dej^ees 


feet 


feet 


feet 


feet 


I 


1*33 


4297-1 


•02 


15-00 


15 


2 


2-67 


2148-6 


•13 


30*00 


30 


3 


4-00 


1432*4 


*37 


45*00 


45 


4 


5*33 


1074*3 


•78 


59*99 


60 


5 


6-67 


859*6 


1*44 


74*98 


75 


6 


! 8 -01 


716*2 


2*38 


89*95 


90 


7 


9*34 


613*9 


3*66 


104*89 


105 


8 


IO-68 


537*2 


5*33 


119*80 


120 


9 


1 2 -02 


477*5 


7*45 


134*65 


135 


10 


13-36 


4297 


10*05 


149*42 


150 


II 


1471 


390-7 


13*20 


164*09 


165 


12 


16-05 


1 3S^*^ 


i^-^-i 


\ \nv^7. 


k v«o 






1 


- 


— 


-- ■ — — 
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Table LIX. — Continued, 
Elements of No. 15 Spiral for Light Railways. 



n 


ds 
degrees 


r 


X 


y 


L 




feet 


feet 


feet 


feet 


13 


17-40 


3306 


21 29 


192-97 


19s 


14 


18-75 


307-0 


26 32 


207-10 


210 


IS 


20-I0 


286-5 


32-06 


220/96 


225 


16 


21*45 


268-6 


38-54 


23449 


240 


17 


22-81 


252-8 


45-79 


247-62 


255 


18 


24-18 


238-8 


53-83 


260-29 


270 


19 


25-54 


226-2 


62-66 


272*41 


285 


20 


26-91 


214-9 


7231 


283-90 


300 


21 


28-28 


204-7 


82-74 


294-67 


315 



Table LX. 
Elements of No, 25 Spiral for Narrow-Gauge Raitivays, 



n 

1 


ds 


r 


X 
feet 


y 


— 

L 




1 


degrees 


feet 


feet 


feet 


I ! 


0-80 j 


7161-9 


0-043 


25-00 


25 




2 


I -60 


3580-9 


o-2i8 


50-00 


50 




3 


2-40 


2387-3 


o-6io 


75*00 


75 




4 


3-20 


17905 


I -31 


99-99 


100 




5 


4-00 


1432-4 


2-40 


124*96 


125 




6 


4-80 


1193-6 


3-97 


149*91 


150 




7 


5-60 


1023 -I 


6-10 


174*82 


175 




8 


6-40 


895-2 


8-89 


199-66 


200 




9 


7-20 


795-8 


12*41 


224-41 


225 




10 


8-OI 


716-2 


16-75 


249-03 


250 




II 


8-81 


651-1 


21*99 


273-48 


275 




12 


9-61 


5969 


28*21 


297*69 


300 




13 


10-41 


551-0 


35-48 


321*61 


325 




14 


11-22 


51 1 -6 


43-86 


345-16 


350 




15 


12-02 


477 -5 


53-43 


368-26 


375 




16 


12-83 


447-7 


64-23 


390-81 


400 




17 


13-63 


421-4 


76*31 


412-70 


425 




18 


14-44 


397-9 


89*71 


433-81 


450 




19 


15-24 


377-0 


104*44 


454 -oi 


475 




20 


16-05 


358-2 


120*51 


473-16 


500 




21 


1685 


341 -I 


137*90 


\ 49I-" 


^ ^^^ 


\ 



384 
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Table LXI. 
Elements oj No, 50 Spiral far Narrow-Gauge Railwayi. 



ft 


//j 


1 

X 


1 


L 




degrees 


feet 


feet 


feet 


I 


04 


OX>87 


50*00 


50 


2 


08 


0436 


100*00 


100 


3 


1-2 


1*221 


149*99 


150 


4 


1-6 


2*62 


199*97 


200 


5 


2-0 


4-80 


249*92 


250 


6 


2-4 


7*94 


299*82 


300 


7 


2-8 


12*21 


349*64 


350 


8 


32 


1778 


399*33 


400 


9 


3-6 


2483 


448*83 


450 


10 


4-0 


33*51 


498*07 


500 


II 


4*4 


43 99 


546*96 


550 


12 


4-8 


5642 


595*39 


600 


13 


5-2 


1 70*96 


643 23 


650 


14 


5-6 


8773 


690*33 


700 


15 


6-0 


106 -86 


73653 


750 


16 


6-4 


128*47 


781*62 


800 


17 


6-8 


152*63 


825 *40 


850 


18 


7-2 


179*42 


867*61 


900 


19 


7-0 


208-88 


908-01 


950 


20 


8-0 


241*02 


946-32 


1000 


21 


8-41 


275-81 


982-22 


1050 



Table LXII. 
Elements of No, 75 Spiral for Trunk Lines, 



n 


d s 


X 


y 


L 

1 




degrees 


feet 


feet 


1 - 

feet 


I 


0-27 


0-13 


75-00 


75 


2 


0-53 


0-65 


149*99 


150 


3 


o*8o 


183 


224*98 


225 


4 


1*07 


3 "93 


299*95 


300 


5 


^'ZZ 


7 -20 


374-88 


375 


6 1 

1 


1*60 


11-92 


44973 


450 


7 ' 


1-87 


18-31 


524*46 


525 


8 ; 


2*13 


26-67 


598*99 


600 


9 ; 


2*39 


37*24 


673*24 


675 


10 ' 


2*67 


50-26 


748*16 


750 
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Table LXII. — Continued. 
Elements of No. 75 Spiral for Trunk Lines. 



n 


^/J 


X 


y 


L 


II 


2-93 


65-99 


820-44 


825 


12 


3-19 


84-64 


89308 


900 


13 


346 


106 '44 


964-84 


975 


14 


372 


131-60 


1035-49 


1050 


15 


4*oo 


160-30 


1104-79 


1125 


16 


4-26 


192-70 


1172-43 


1200 


17 


4-52 


228-94 


1238-08 


1275 


18 


479 


269-13 


1301-41 


1350 


19 


5-05 


313*32 


1362-01 


1425 


20 


5*33 


361 53 


1419-47 


1500 


21 


5-60 


41372 


147332 


1575 



Table LXIII. 
Elements of No. 100 Spiral for Trunk Liftes. 



1 

1 


ds 
degrees 


C 

feet 


X 

feet 


y \ 


L 




feet 


feet 


I 


0-2 


loo-oo 


0-17 


100-00 


100 


2 


0-4 


199.99 


0-87 


199.99 


200 


3 


0-6 


299-98 . 


2-44 


299-98 


300 


4 


0-8 


399*97 


5*23 


399*94 


400 


5 


i*o 


499*94 


9-60 


499*85 


500 


6 


1-2 


599-86 


15-88 


599-65 


600 


7 


I '4 


699-70 


24-42 


699-29 


700 


8 


1-6 


799*45 


35*56 


798-66 


800 


9 


1-8 


899-04 


49*65 


897-66 


900 


10 


2-0 


998-39 


67-02 


996-14 ' 


1000 


II 


2-2 


1097-44 


87*98 


1093-92 


IIOO 


12 


2-4 


1196-11 


112-85 


1190-78 


1200 


13 


2-6 


1295-71 


141-92 


1286-46 


1300 


14 


2-8 


1 391 77 


175*47 


1380-67 , 


1400 


15 


30 


1488-52 


213*73 


1473-06 


1500 


16 


3*2 


1584-15 


256-94 


1563*24 


1600 


17 


3*4 


1678-85 


305*27 


1650-79 


1700 


18 


3-6 


1772-36 


358-85 


1735*22 


1800 


^9 


3-8 


1863-42 


417*77 


1816*02 


1900 


1 
20 


4-0 


1948-59 , 


482-05 


1892-63 


2000 


21 


4-2 


2040*48 


551-64 


1964-44 

1 


2100 



cc 



•J/ 



.\' 



w I. 



■ / J 
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Table LXIV. 
t\fr Riin^t^^ the Spiral from an Intermtdiait point. 

The valun of «. i, and i ar« common to all spirals : x zxiA y ^H^ 
^ral. but for o(h«r «p«raU .r aiK^ ; are obtained by simple percentage Thus tor. 
fcpirjil Like 1^ i«r fvii:. 
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X* 


Iti-^f.imtni 

r 


a: I 
y 


9 
• 
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.r 
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A- 


1 y 
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feet 
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Ji-;;. 




de>i. 
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1 


o 





v> 





■» 











* 


o".* 


o';5 


I x>\v« 


■ «-_v ; 


3 


o*3 


0*52 


1 lOO'OO 


ft 


0-- 


i'^" 


i.*g"^v. 


■ '.4!; 


4 


l-o 


2*27 


' 199*98 


4 


1-4 


4 VI 


J*J*0O 


v»'— .' , 


5 


I'O 


5*58 


. 299"93 


5 


i'i 


So; 


.^>j-S3 


fiN ■ 





' 3*o 


10*82 


399*79 


h 


V4 


'. * 0" 


499'ro 


i-cx. , 


7 


1 4*3 


18*32 


499"5i 


I 


4*7 


it'i^ 


5^*37 


i'tJ 


8 


1 5*8 


■ 28*42 


599-« 


6\j 


jia'o^ 


6o3':3 


?'?o 


Q 


' 7*5 


41*47 


1 698'iJ 


9 


7*0 


4^70 


70- "5 : 


•■ •> ■ 


l-> 


0*4 


57 '8 1 


796*8< 


lO 


C--J 

^ ^ 
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4-05 ■ 


1 1 
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It 


no 
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OsH'5i 


4":-? 
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U-- 
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>3 
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U 


IC 
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»4 


19-0 


162*22 
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14 


Iv-4 
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7">- 


I^ 


2l•^, 


i09*5c» 


1275-2 


I-; 


» » " » 


..'-V4 


I-4vV> 


i-57 ■ 


10 


2:;o 


241*78 


I ?65-8 


10 


-'-'4 


4--» 


'4 4*l 


-•^ 


17 


23--. 


.'89- IW 


'453-9 


17 


_.«■■» 


-.'■.," 


Hs.--i ; 


lo-S: : 


i3 


:u-3 


341*38 


•53S-8 


1-: 


■. - * ■ 


;>i'.-^ 


ic ;l ■7-, 


i.'-ii 1 


'9 


35*5 


399*9*'> 


1620-^ 


i^ 


i> w 


4.'vj-?'' 


»7i7""-' 


i.;-4-' : 


■.\> 


39*4 


463*43 


•697-5 


j\-* 


tvj':? 


47.«"''l 


I'^.r^; 


14*70 1 


-•I 


43*5 


532 ••.>(« 


1770-1 


.'1 


4i0 


54.?- i 


iSvo'vjj 


I'O'^X |. 














Instrument at ? 








Tnstnimem at 4 




o 


1 





.-» 


4 





v> 


i> 


A 


^^•4 


•>•:«■' 


itx-»-v>ii 


0-40 


s 


■ ^^"5 


0-37 


nx)->. 


5 


I'^ 


-'•^7 


lOQ-C- 


v^-S'; 





ro 


^*6o 


199'^ 


t> 


= •4 


7-I5 


Joo-t\- 


I '37 


7 


; 2*0 


8*72 


299-5 


7 


3-7 


ij-oi 


399"tV 


'•05 


S 


' 4*4 


16*40 


399': 


8 


5-^ 


.'.'•67 


400 '-v^ 


j-r\-» 


9 


1 ^'' 


27*02 


498 •< 


9 


n-o 


u"o5 


593 "54 


t";-' 


10 


1 8-0 


40*94 


597 -c 


lo 


S'S 


4J'o? 


097 -.^o 


4-10 


II 


lO'l 


58*48 


696-. 


II 


10*0 


<-3-S9 


795 '50 


4*95 


12 


I2'4 


79*95 


794": 


12 


1V2 


91 '7.^ 


S02'02 ' 


5-36 


13 


14-9 


105-00 


S00-: 


» ? 


' 15-7 


1 18 "70 


oSo'iS ■ 


6-35; 


14 


17-6 


»35*9«^ 


9S6-< 


M 


, ^S-4 


1 '5^"''.<5 


u>84-o7 ' 


7*9^ 


15 


20-5 


170*9- 


^^^•79': 


JS 


1 21*3 


; 1 36 -68 


1I77-.-4 ' 


9-01 , 


10 


23-6 


210-96 


1171-. 


1(1 


^'4*4 


I 227-99 


i26S-,u ' 


10-19 


»7 


26*0 


256-20 


T260-: 


'7 


27-7 


' ^74*47 


»350'i^^ i 


11-44 


iS 


3^"4 


' 306*80 


i346*i 


iS 


31-2 


. 326-27 


t44J-_iS 


»''*75 


»9 


34*1 


362*87 


I429*( 


«9 


34 "9 
38-8 


! 383-49 


1524*40 


14*12 


20 


38-0 


424*43 


1508*^ 


20 


' 446-15 


1602*3^ 


\iTofe 


i\ 


r^ 


49»*47 


. X582-( 


'' 1 


42-9 


1 514*" 


i67S*S9 




\ 
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Table \S^\S.- Continued. 
For Ranging the Spiral from an Intermediate point. 





J 


instrument ai 5 




n 


k 


Instrument 


at 6 

y 




fl 


/• 


X 


y 


/ 


1 
.r 1 


/ 


1 


deg. 


feet 


feet 


deg. 




deg. 


! feet 


feet 


deg. , 


■» 














6 





<> 1 








6 


0-6 


I -05 


99*99 


0-60 


7 


0-7 


1*22 1 


00 'oq 


0*70 


7 


1-9 


4-36 


199-94 


i'25 


8 


2*2 


5*o6 


llyw'oJ 


1-45 


8 


3-4 


10*29 


299-76 


1-97 


9 


3-9 


■ 11-86 i 


2l;0'0() 


-'*-7 


9 


5' 


19-18 


399*37 


2*75 


10 


. 5-8 


21-97 


300*17 


3'i5 


10 


7-0 


31 '37 


498-62 


3-6o 


11 


7*9 


35*71 


4uS*.'3 


4*io 


IX 


9» 


47-18 


597*36 


4'5'-i 


I 'J 


10*2 


53*42 1 


5196*04 


5*1- 


12 1 


II-4 


66-95 


695*39 


5-50 


'3 


12*7 


75*4^ 


ou4*-v> 


b*_'o 


13 


139 


90-97 


792-46 


6-55 


14 


15-4 


101*96 


7uo*6i 


7*35 


'4 


i6-6 


119*54 


888-29 


7-66 


15 


18*3 


133*36 


SS3-35 


8*57 


xi 


19-5 


152-92 


982-56 


8-85 


10 


21-4 


109*85 


978*66 


■ 9*86 


16 


22*6 


»9i*35 


1074-88 


10-09 


17 


24 "7 


211*63 1 


1069*51 


W'Xi 


17 


25*9 


235*03 


1164-83 


11-41 ■ 


18 


1 28*2 


258*89 


1157*64 


12*01 


18 


29-4 


284*12 


1251-96 


12-79 


19 


; 31*9 


311*73 1 


i24-'*53 


14*08 


'9 


33'i 


338-73 


1335*73 


14-23 


20 


35*8 


370-23 


i3.>3*C4 


15*63 


20 


37*o 


398-91 


1415-59 


15-74 


21 


39-9 


434-37 


140^.1 '30 


ir-'3, 


21 


4I-I 


464-65 


1490-95 


17-31 






! 










[nstniment at 7 








Instrument 


at 8 




7 














8 














8 


0-8 


I-^u 


9y'99 


o-8o 


9 


u-9 


1*57 


9y'99 


ii'«.M.> 


9 


2'5 


5-70 


199*89 


1-65 


TO 


2*8 


6-46 


109*87 


1*85 


10 


. 4'4 


13-43 


299-60 


2-57 


ir 


4 '9 


15*00 


nuc;*50 


2*37 


XX 


6-5 


24*75 


398*96 


3-55 


12 


. 7-2 


27*53 


>S*7i 


3*95 


X2 


8-8 


40-05 


497*78 


4-61 


13 


9-7 


44-38 


497*23 


5*1" 


13 


"•3 • 


59-64 


595*84 


5-72 


14 


12-4 


65*85 . 


594*95 


6*3-' 


14 


14*0 ! 


83-84 


692-87 


6-90 


15 


15*3 


92*24 ■ 


691*41 


7*6o 


15 


16-9 ; 


112-91 


788-55 


8-15 


16 


18-4 


123-80 ■ 


7Sn*-..9 


■ 8*95 


x6 


20*0 


147-11 


882*52 


9-46 


17 


21-7 


; 160-78 


879*21 


10* ^(^ 


1 '7 


23 "3 


186-66 


974*37 


10-84 


18 


25-2 


203*36 


000 'oo 


. i.*8. 




26-8 


231-75 


1063-62 


12-28 


19 


28*1) 


25rt>9 


1037*24 


"^Xh-^ 


' «9 


30-5 


282-50 


1149-79 


13-80 


20 


3-^-8 


305*80 


1 141*29 


13*(K) 


20 


^f-* 


339-00 


1232-30 


15-38 


21 


36-9 


365*9" 


i'j2r:.'6 


io*o3 


21 


38*5 


401-25 

[nstrumen 


1310-56 
t at 9 


17*02 






Instrument 


at 10 




1 

9 


i ° 











10 














10 


I i-o 


1-74 


99*98 


I'O 


11 


I'l 


1*02 


90*9^ 


rio 


XI 


3*1 


7'»5 


199-84 


2-05 


12 


3-4 


7*^5 


iV9*i:'" 


■J -23 


12 


5*4 


16-56 


299-39 


3-17 


13 


5-9 


i8*i} 


20>»"-.7 


3*47 


. »3 


79 


30*31 


398-44 


4-35 


14 


8-6 


M'^ 


3uvS*i3 


4 "73 


14 


106 


48-70 


496-74 


5-60 


15 


11-5 


53*0-' 


490*14 


6*10 


15 


13*5 


72-05 


593-98 


6*92 


16 


14-0 


78-23 


502*91 


7*3^' 


16 


i6-6 


100 '06 


689-81 


8-30 


>7 


17*9 


108*96 


6S3-07 


\m 


«7 


19-9 


134*65 


783-84 


9*75 


18 


ai-4 


145*45 


781*18 


io*55 


x8 


23"4 


174*37 


875-61 , 


11-26 


19 


25-1 


187-87 


871*74 


I2*IO 


19 


271 


219-92 


96463 


12-84 


20 


. 29-0 


236*35 


959*2o 


13*84 


30 


31*0 : 


271*43 


1050-35 


14*49 
16*20 


21 


. 33-1 


290*96 


1042-97 


15*59 


ai 


35*1 I 


3a8-93 


1132*16 
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Table IXlV.—Caniiniud. 
For Jianging the Spiral from sat Intermtdiait poiiti. 
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^ LXV. — Specific Gravity 
taken at 62*3 

G 
275 to 2-95 



and brick- 

• • ■ • 

(American) 
(Portland) 
\ in lime . 
Port- 
ement . . 
jwcastle . 
hracite 
bulk for 
je, 48 cubic 
:r ton 

• • • • 

bulk for 
;e 80 to 100 
eet per ton 



I '60 to 2*00 
o-8o to 0*90 
I -35 to I -45 
average 1*9 



»» 



?» 



2*2 

1*25 
1-50 



075 



2*50 
1*50 to 2'00 

average 2 '60 



of StofteSy Earths y &*c. Water 
lbs. per c. ft. 

G 

Glass 2*50 to 3*00 

Gneiss and granite average 2*65 
Limestone and 

marble . . . 

Lime 

Masonry of dressed 

ashlar same G as 

the stone 
Masonry of rough 

rubble . 






2*65 
1-50 



Mortar . 
Mud . . 
Peat . . 
Pitch . . 
Sand . . 
Sandstones 
Sulphur . 
Tallow . 
Tar . . 
Traprock 



I 80 to 2 -20 

I -40 to I '90 

I -25 to 1 75 

average 0*40 

M 115 
I '5 to 1*95 

2*io to 2*50 

average 2*00 

0*90 

1*00 

2 '80 to 3*00 






m 
or 



Table l,X.Vl.^Metals and Alloys 



white 



average 2*60 


Iron (ca.st) . . 


average 7*23 


„ 670 


„ (wrought) . 


„ 778 




Lead .... 


„ 11-40 


M 7-30 


Mercur}' . . . 


„ 13-60 


980 


Platinum . . 


.21-50 to 23-00 


8-40 


Silver . . . 


. average 10*50 


„ 8-8o 


Steel .... 


. 7*75 to 8-00 


,, 19*00 


Tin .... 


average 7-30 


8-50 


Zinc .... 


„ 7-00 



Table l.X\ll.— Timber. 



;banon) 
tnerican) 
;st Indies) 



0-70 to 0-80 
070 to 0*76 
070 to o*8o 
average 1*25 
o*49 
0*55 
0*70 
o*6i 



j> 



» > 



?> 



>> 



Cork .... 
Ebony . . . 
Elm (English) . 
„ (American) 
Fir .... 
Hornbeam . . 
Ironwood . . 
LatcVi . . . 



average 0-24 

119 
0-56 

0-72 

0-51 

0*76 

1-15 



»» 



>> 



M 



}) 



»» 



^^ 
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Tabll LX\1L — Timc^r. f C* «.-:«3At 



M^ogany 'Hon* 
Huns) . . . 

Maho(;any (Spa- 
nish; . . . . 

Maple 

Oak 'American 
(English) . . 



»' 



average 1*33 
0*56 

o-8s 

0-67 

0-80 

07S to 0*93 



Pine wk£:e. . . i^«n?0'** 
., .TeU.:w . . .. 0*53 
.. ied' . . . o;:*J0^ 
., beazt of Iocs- 
leafed scKziher*. 
vellow .... ^"^ 



Tea< 



oT+'o^' 



;-S6 



T.\ B LE LX V III.— Lieut J- . 



Acetic acifl i •06 

Alcnhol o*8o 

Kthcr 070 

lly(lrfx:hl('nc acid . . . i*20 

Nitric acid 1*22 

Oil (linseed) 0*94 

., (olive) 0*92 

., (petroleum) .... 0*88 

/'whale) 0*92 



«» 



Sulphuric acid . 

Water, distilled a: 
62' Fahr., bar. 
30 in., 62;55 
lbs. {>er cubic 
foot .... 

Water, at 212- 
Fahr. . . . 

sea • . . • 



I'M 



IDO 



.. .0-957 
i-o26toi'03P 



Taijle LXIX. -Midtiplurs for reducing Sptcific Gravity tc Wiipd(] 
certain Volumes^ Water taken a/ 62*3 lbs. 

Weight of I cubic centimetre in grammes . = ^' 

,, I kilolitre or cubic metre in 
tr)nnes of 1,000 kilogrammes . 
Weij^ht of I decalitre in kilogrammes 
,, I cubic inch in lbs. . 

I cubic foot in lbs. . 
I cubic yard in tons . 
I Hrit. imp. gallon in lbs. 
I Ikit. imp. bushel in lbs. 
I U. S. liquid gal. in lbs. . 
I U. S. struck bushel in lbs. 



» J 



>« 
>» 



\o. of cubic yards in one ton . 
No. of cubic feet in one ton 
No. of Brit. imp. gals, in one ton 
., bushels 
,, U. S. liquid gals. 

struck bushels in one ton 



>» 



ij 



>» 



)> 



• 




l. 


T 




Gx 10 


^ 


G 


X 0-036 


= 


G 


X 62*30 


=-= 


G 


X 0*751 


• ~~ 




Gxio 


• ^"~ 




GxSo 


• ~~ 


G 


X 8*322 


• "~~ 


G> 


c 77-467 






1-332 


• ™^ 




G' 
35*955 
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• ^^ 
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28 


• 




G 






268*42 
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Account, By, a term used for either longitude or latitude when cal- 
culated from other data than observations. 

j4ge of the Tide is the interval between the time of new or full moon 
and the time of the next spring tide, and varies from I J to 3 days. 

AHoth, a star otherwise called € Ursoe Majoris, in the constellation of 
the Great Bear {see Fig. 122). 








7Hi&J/ori9co7t 



Fig. 121. 



Altazimuth^ an instrument for measuring at one adjuslincni uf the 
line of sight the angle of altitude and of azimuth {see pp. 320, 322). 

Altitude is the angular elevation of a heavenly body, or, in other 
words, the arc of a great circle passing through a heavenly bod^' 



.- c-\ . 
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rneasurc<l from it to the true horizon set Horizon,. Let A, Y%. ni- 
he the oliserver's eye, S the object in altitude. SOH is the ok 
altitude plus refraction, which has to be deducted [ut Refracdoii. 
lO ii drawn parallel to AS. So SOI represents the concctioii ace 
pj parallax in altitude {^e Parallax . The sensible horizon is dnwn 
fjr Mmplicity at the olAerver's eye, instead of at the earth'5 sai£i£ti 
Itccausc it finly involves an inappreciable error of parallaT, dee to 
I he incrca«.t;d length nf radius of the earth at high elevations 'M 
Parallax, Ivjuatorial;. 

Amplitude is the spherical angle at the zenith contained betwetD'Jie 
plane of the prime vertical at the ]X)int of observation and tha£of 
the meridian of any celestial Unly observed on the horizon, risiDg 
(•r >cttin^. It is measured by the arc of the horizon from the ei» 
rjr wcjI point to the Ixxly ; it is shown by AW in Fig. 133, or as 
.\C in Ki^. 127, and is therefore the complement of the azimotb. 
It is a vcr\' useful method of finding the variation of the compass 
:it .sea, but is of no use where there is no horizon. When a sui 
i<> setting its true place is already under the horizon by about half 
.1 decree f/v Refraction) and therefore more to the westward than 
i* apijcar-* to Ix!. If w«: take an amplitude when the star is 34 
,'iIm)Vc ilir hfjfizon wc shall Ije pretty near the truth; ifwetake:"- 
whcn actually scttinj; it will appear too much to the west— thai i-*- 
t'l the ri^ht of it-, true place. The greater the .southern declination 
in the uoitliern hemisphere -that is, the flatter the arc of the body i 
transit arrfj^i the heavens — the greater the error will be. In the 
c.-iM- of In^lies with parallax {see Parallax) the error due to tha'. 
raw ^e makes them appear too low. The moon's parallax is nearly 
'i'>ul)le the refraction ; s<j she is still about half a degree above the 
liorizon when she appears to set, and her true place is to the left of 
her api)arent place. 

Amiliatism {(Ireek a jjrivative, and alasso, to alter, unchangeablftiess). 
The centre of anallatism is that point in a distance-measuring tele- 
scope from which the distance of any object is proportional to the 
height intercepted upon the staff by two horizontal wires in the dia- 
l>hragm. In ordinary telescopes it is situated at the anterior focus. 
In some tacheomcters it is made to coincide with the vertical axi^^ 
by inean.s of an additional lens. 

/;/6';wV((ircek a privative, and;/^;'^j, wet), an instrument for measur- 
ing the pressure of the atmosphere (see p. 342). 

Angle (Latin (uv^nliis^ a corner) may Ix; plane or spherical (see Spheri- 
cal Angle). \ \)lanc ai\^l<i Is formed by the inclination of two 
.straight lines lo one auoVWi •, \v\\;v>>\^^iviti \^i.O*.vywi.$w Vtwsv ci v^ t,6o 
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degrees all over the world until lately, when the centesimal system 
of dividing the circle into 400 degrees, and each degree into 100 
minutes, has been coming into use for the purpose of simplifying 
calculations. An angle of 90° is called a right angle, one less than 
90° an acute, and one greater than go° an obtuse angle. 

-Angle Complement. The complement of an angle is the difference 
between it and 90°. The cosine is the sine of the complement of 
an angle, and the cotangent and cosecant are tangent and secant 
of the same complementary angle. 

Angle Supplement, the difference between an angle and 180°. 

Aphelion (Greek apo, from, and helios, sun), that point in the orbit of a 
comet or planet which is farthest from the sun. 

Apogee (Greek apo, from, and ge, the earth), that point in the moon's 
orbit which is farthest from the earth. 

Apparent (Latin ad, to, and parere, to appear), that which is opposite 
to the true or real. The apparent position of a celestial object is 
that which it appears to have to the observer with an instrument 
before being corrected for refraction, parallax, &c. 

apparent Time is the hour angle of the sun [see Hour Angle) reckoned 
westward from the meridian. It is the time shown by the sun- 
dial. The sun's apparent place in the heavens is constantly chan- 
ging, owing to the earth's orbit, but this being elliptical, the movement 
is not uniform and is represented in the almanacs by daily changes 
of right ascension, with rate for one hour. A clock keeping appa- 
rent time would have to be altered every day, so the expedient of 
mean or average time is resorted to {see Mean Time). Apparent 
time is first found from observation and then reduced to mean time 
by the equation of time {see Equation of Time). 

^rc of Excess, in sextants that part of the graduated arc behind the 
zero. 

Aries, 'First Point of {see Right Ascension). 

Argument (Latin argumentum, a thing taken for granted) means any 
mathematical datum or known quantity from which to determine 
others. 

Ascension {see Right Ascension). 

Astronomical Time {see Civil Time). 

Augmentation of the moon's semi -diameter is the increase in angular 
dimension when in altitude above what it appears on the horizon, 
owing to its approach towards the observer, until, when in the zenith, 
it is closer by the amount of the earth's radius. The table is given in 
Chambers's * Mathematical Tables.' 

4xis (Greek axon, an axle), an imaginary line joining the north and 
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s»mih jx>K'> of a ccltstial UkIv ujwn which it is supposed to lolate* 
Tlsc inijginar)' line alx>ut which the vertical limb of a theodonte 
roiate>. N .if very wiilc applicaiion {.see also Optical). 

\.:mu:': iAr.it>iv.- .»■.;";.:.' ^./. ti» go towards) is the spherical angle 3^ 
the .'cnith i' -nMincii lx.*i>»con the plane of the meridian of the p^ 
an,'. :h.ii of :hc j^rcat circle of altitude passing through the objed 
oltH.TVfd .-.■ Fig. 133, p. 414). If Z be the zenith and NZS tlie 
mcriiiian. / A a groat circle of altitude, XA is the azimuth. It is 
nuMsurcii ujvm ihc horizon from the north or south point, which* 
over i> nearest . \S<c also Course and Amplitude, of which the 
a.'::u;iih i> the omiplemont.) 

^\.v.--;..V'. an instrument for measuring the pressure of the atmosphere 
(..V p. 342.VCJ. 

'iV/;.;j >V.;'. are double stars which revolve round one another; when 
I lie j'.!niii»n apjx^ars to bo rectilinear they are merely called double 

7it\ti":y.'.ir S/ars, those whose polar distance is less than the latitude 
of th.e place, and which therefore do not set but culminate twice. 
At the Nonh Pole the whole celestial hemisphere is circumpolar ; 
at the Ki|U.\tor n<.>ne. Set' Fig. 122. 

?:::' 7/ ••:<■. like a.««:ronomical time, is a term having reference more to 
liate than to lime. l?oth are mean time {s^e Mean Time), but ciN"il 
liiiu' K'gins ii> day from midnight, and astronomical time from the 
-urv'eeiling no>'ii. so iluii Januar)' I, 1890, at 6 A.M. by civil lime, is 
1 krenil'er 31. iSSo, iS hours astronomical lime. But January I, 
iS<K), 2 r.M. civil time, is the same date and time astronomically. 

L '. - :.7////t;V. .sVc- Zenith Oistance. 

Cciiima^ioH^ /,.'/.v 0/ (Lat. <-/////, with ; litnesy a limit), in telescopes 
is the axis nf a pencil of light reaching the eye through the tube ; or, 
which is the same thing, it is the straight line joining the two foci 
of the double-convex lens forming the object-glass and the focus of 
the eye-piece. The line of collimation is defined in levels and 
Iheinlolites by two intersecting spider hairs or some such device, 
attached to a brass diaphragm which is placed in the optical axis 
by adjusting screws. 

Coin re (Gr. ko.'ouo^ I cut in the middle), two celestial meridians {sec 
Meridian, Celestial) whose planes are at right angles to one another ; 
whose line of intersection is terminated by the poles, and which cut 
the celestial sphere into quarters. One of these semicircles bisects 
the equator at the spring and autumn equinoxes, and the other at 
the summer and winter solstices. 

Com/asSj Solar. See p. 32^. 
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in which the main feature is a well-defined group of stars supposed 
to resemble some terrestrial object and accordingly designated. 

ContrcLction of the semi-diameter of sun and moon are sensibly the same 
in amount, and arise from unequal refraction in the upper andlower 
limb. The table is given in Chambers's ' Mathematical Tables.' 

Co-ordinates^ Rectangular^ a pair of straight lines locating any point 
in a plane by measuring its shortest distance from two fiducial 
lines at right angles to one another. Thus the rectangular co- 

N 




W 



14^^ 



s 

Fig. 123. 

ordinales x y^ x' y\ x" y" determine the positions of the points a, 
h, and c relatively to the lines N.S. and E.W., and if N.S. be the 
meridian {see * Meridian, Magnetic,' and * Meridian, Celestial ^)y,y\ 
and>'" are the latitude ; jr, x\ and x" the departure {sec Latitude, 
Difference of). 

Course in navigation and land -surveying is the direction of the line 
being travelled or measured with reference to the magnetic meridian 
or true meridian. It is the azimuth of the objective point. It is 
also called * bearing ' in land-surveying more frequently than course. 
It is reckoned in each quadrant separately, from the north east- 
wards and westwards, and from the south eastwards and west- 
wards. This method is suitable to traversing with a large field 
compass, being ready for reduction to latitude and departure. 
Another method is to reckon clear round from 0° to 360°. Most 
countries reckon the 0° from the north point, some from the south. 
Theodolites are arranged to read from 0° to 360°, as the former 
method would not be suitable ; but when working to latitude and 
departure the angles must first be reduced to azimuthal form. Set 
Table XVII., p. 59. 

Conjunction (Lat. cum^ together ; jungere, to join). Two bodies are 
said to l)e in con}UtvcV.\oiv viYve^ >i!cve^ ;sc^^^«x in nearly the same part 
of the heavens. It \s tvec^^s^t^ , \>cv«^1vi\^, N^-as. ^avva ^\ n^wotv %^Quld 
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^^^^'^^ ^" apparent movement through the heavens, such as the moon, 
^^Cwhich is in conjunction with a star when it has the same longitude 

^^Kmiiatian (Lai. culmeti, the top] is the passage of a celestial liody 
^BjUrosi the meridian of a place. In the northern hemisphere the 
^^fttnn and most of the stars used in observation culminate southwards ; 
^^■eonsequenlly the term ' In south ' is used for southern culmination. 
^^m,Set also Circumpolar Stars. 

^^gfUmalion is the distance of a celestial body from the celestial equator 
^^HDeasurcl north or south on the arc of a celestial meridian passing 
^^Kirough it. Declination cortesponds exactly with teneslrial latitude. 
^^■bl Fig- 127 SD is the north declination of a body S (ue also Polar 
^^Bt>{9tance). In some almanacs N. and 5, declinalion are marked 
^^■+ and — respectively. 

^^■TVf (Lat. degredhr, to go down ; from de, down, and gradus, n 
^Hntep), a division of the circle which in the sexagesimal if ^ or 
^Kln the centesimal is ^ of the total circumference. 
^^m/nrturt inatraversemeans the easting or westing froma known point 
^K'Which is taken as the origin of rectangular co-ordinates. Il is equal 
^B'to the diEtaoce run multiplied by the sine of the angle, azimuth, 
P or course (i« Course, Azimuth}. 

WSitfnssiim or Dif of Ike Horizon is the angle of depression of the 
apparent horiion, due to elevation of the eye above the level of the 
sea. If we direct a levelling instrument in good adjustment towards 
the horizon from the top of a high cliff we shall at once perceive that 
there is a depression, and with a large-siied transit theodolite we 
can measure that angle with sufficient accuracy to know the height 
of the cliff within ten to twenty feel. Depression arises from Iho 
curvature of the earth. The values are given for different elevations 
of the eye in Table L., p. 288. These answer for correcting an 
altitude taken at sea, or for estimating the elevation ofa cliff in the 
manner just described. The depression is always deducted from 
the observed altitude. A simple way to keep it in memory is ' Dip'4 
nrakes me see too much, and therefore I deduct it.' "J 

Diameter (Gr. dia, through, and metron, a measure) in its ordinaiyB 
use is limited to the circle and the sphere of which it is double thef 
distance from centre to circumference. It also means the breadth \ 
of anything. 

Diaphragm, in telescopes isan annular brass plate fised in the focus 1^ I 
adjusting screws and forming both a passage to confine the light ai ' 
a frame to hold the cross hairs. 
Difi e/l^e fferison. See Depression. 
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/>htm/ti Inequality of Heights is, in irregular ti.Ies, the diisraa 
Ijetwecn the height of high water of each successive tide. 

Diurnal Intquality of Time is, in irregular tides, the difference between 
the lunitidal intervals of each successive tide. 

Eclipse (Gr. ekleipsis^ a disappearance >, the phenomenon occurring in 
thr heavens from the disappearance of one body in the shadow 
of another. The following diagram illustrates the theoiyofthe 
various fonn^ of eclip^s »»f >un and moon, from «hich it wflllic 
' "jct-vi that an eclipse of the -^un which i< more cf»rrectk an occnla- 
lion, sie Occaltationi. can only take plare when the sun and moon 




Toiiil Eclipse cfCheSu/i 
Fig. 124. 



^mularSd^n&cftkeSun 

Fig. 125. 




<:iJ. 




ToUil £c/i/j6£ oft/ttMocfn 



Y\Q. 126. 

arc in conjunction, or. in other words, at new moon, and an eclipse 
of the moon, which is really an eclipse, can only take place at oppo- 
sition or full moon. 

An eclipse of a satellite of Jupiter is due to similar causes, ^^^len 
entering the shadow its immersion is said to take place, and on 
leaving it is said to emerge. The idea of obtaining the longitude 
by observing eclipses of Jupiter's satellites originated with Galileo. 

Ecliptic^ the great circle of the heavens which the sun appears to 
describe in the year ; it derives its name from the fact that eclipse^ 
can only take place when the moon is also on the ecliptic. It ^^ 
commonly called the sun's annual path, to distinguish it from the 
sun's diurnal path, due to the earth's axial rotation. 

Ecliptic, Obliquity of the inclination of the plane of the ecliptic to 
that of the celestial equator, ^todwcvTvg, live phenomena of the 
seasons. The angle is cCbowV t-^ v\ , axv^ v& n^x^j ^^j^yiJ^AM^^ ^Nsi^- 



mssaiy 

asured by ihe declinalion ill Iht scktilial |miil 
II and December 21. 

H (Lat. bngt, afar off), Che angutoi' distances of the pole at 
litward or westward of the true pole ; also the similar distances 
■ planet from the sun or a satellite from its primary. 



1 e/ Time, the daily cor 
IT deducted from the appare 
□ obtain mean time { 
! as sun ' after clock 
ation h to be added to 
IS : when the sun is on th 
I the table the equation is marked 
I it will be then 



be added 
ime ascertained by observation. 
Mean TimeJ. It is sometimes < 
'before clock,' meaning Chat I 
deducted from the apparent time. 
eridian it is noon of apparent time 
in after clock ' 5 ' 



6 sec. civil time. If the table had it 'sun before clock' 11 mil 
3 sec., when the sun culminated it wovild be II hrs, 48 min. 57 s(i 
dvil time, and 23 hrs. 48 min. 57 sec. astronomical lime of tR 
previous day's date [iie Civil Time, Astronomical Time ; set all 
Sidereal Time). 

, Ctlnlial, is the intersection of the plane of the lerrestrii 
equator with the celestial sphere (EQ in Fig. 127). 

, Terreslrial, is the great circle of the earth's surface whoi 
plane is midway between the poles and at right angles to theearth' 
axis. AD in Fig. 129, 

P Mqualeria! instrument, a telescope which is m^Ae Ui move, by hoc 
or byclockwork, in the equator, or, in other words, in which then* 
of rotation, instead of being set vertical, as In an ordinary tram 
theodolite, points to the celestial pole. 

', Mquinnx. See Equinoctial. 

I JSptinaclial (Lat. a^utu, equal ; iiox, night), another name for d 
celestial equator (see Equator), because when the suo is in it tl 
nights ore equal all over the world. It will be obvious in lookii^ 
s celestial globe that whatever angle the pole makes with the h< 
the equator always intersects with the prime vertical {see Prin 
Vertical) at the horizon ; consequently the equator is in every latitui 
half above and half below the horizon. If an observer could best 
lioncd precisely at the north or south pole, the equator would then1 
coincident with the horizon, and he would see a half-sun going cleft 
round the horizon at the equinox. The sun is in the equinoctkl 
March 2i and September 21 [ite Right Ascension), 1 

EilahiUhmint, Fnlgar, is the lunitidal interval when the timeofmooi 
meridian passage is o hr. o min. or la hrs. It is termed by RapB 
the tide-hour, and defined as the appanjiH. \.\TOe lA Viit ^osv' 
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water that takes place in the afternoon of the day ofbIlv<^ 
In German Hafenzeit, or harbour •time. 

Estaiilishment^ Mean^ is the mean of all the lunitidal inwnA** 
semi'Iunation, ami is often less by ten to forty minutest* 
vulgar establishment. 

Fiducial^ any i)oint, line, or arc which is known, fixed, or W!^ 
otherwise relied upon fr)r locating others, such as the inerito* 
< jrcenwich ; the datum line of a profile or cross section ; anoidBflB 
U-nchmark, &c. &c. 

h'oeai Leiv^th^ thi* distance from tho * centre ' of the lens to the fcc*- 
The * CL*ntrL*' of a <iouble-<:cmvex lens is that point in theaMSiiw 
is midway iK'twccn the two surface>. 

/•'oiiiSy the common meeting-jwint of all the convei^ng rays pasi^ 
through a lens. In the double-c(mvex lens of a telescope the foctt 
inside the tube is termed the focus, that outside the tube is teraci 
the anterior focus. In (German Breunpunkt, or buming-poinL 

Geographual MiU^ or Admiralty Ktwf, is I '1 51 52 statute nuk. It 
slightly differs from that of the United States, which is i *i5i57SttUe 
mile and adopted by the Coast Survey as being the linear distiooe 
in the arc t)f i minute of a great circle of a true sphere whose surface 
area is ecpial to that of the earth at sea level. It also equals r85324 
kilometres. 

(HHums (Lat. i^iN'Hs^ convex -bunched), when the moon is rather more 
tlian halfbut less than full. 

(iretif Circle of a si)here is any circle descrilnjd about it whose plane 
|)asse«> tlirougli its centre, as IIZRN or PSDO in Fig. 127. 

iircat Cinle Sailini^ is sailing between two points on the earth's surface 
up(m the arc of a great circle {see Spherical Distance). 

Horary Allele. See Hour Angle. 

Horizon. The sensible horizon is a plane parallel to that of the true 
hori/.oii, but touching the surface of the earth at the point of obser- 
vation. 

The true horizon is the intersection of the celestial sphere by a 
plane (111 (Fig. 12 1) passing through the centre of the earth and 
at right angles to a diameter of the earth at the observer's stand- 
]H)int. 

The visible or apparent horizon is the intersection of a conical 
surface, of which the apex is the observer's eye, with the sphere 
{see EF, Fig. 121). The dip of the horizon is equal to the comple- 
ment of half the angle of the cone. 
^our Angle is the angle at the pole contained between the meridiai) of 
the place and the ceWslwA rcvetv^wxxi ^$ass«»s^ ^\a^ai^ ^Ti>j ^actV?^W 



1Z7, is the hour angle ; it is measuii^d Ijy ihc arc 
celestial equator. The calcul&tloa of the hour angle is 
ed (roin arc lu time by the proportion of the total time of a rc- 
ioQ to the hour angle ; thus, as 360° : 24 hours :: houi angle in 
hour angle in time. The tables of 1(^. sities, cosines, &c., in 
^ give the horary values of all angles, in addition to which 
s for converting arc into lime and vi^e vend are given. For 
uhe adapted to stide-mle see p. 136. 

!Tie calculation of the hour angle of the snn is the comuioncsl 
lod of obtaining apparent time at place, from which by equa- 
(rf lime (ki< Equation of Time) and a chronometer registering 
nwich mean time the longitude is easily calculated (»« alia 
irent Time, Longitude). The hour angle of a star is sidereal 
, which can be reduced to mean time by rule (p. 4ici). 
^ric, 'height-measuring,' is used for observations with the 
lid or boiling-point thermometer 10 determine the approximale 
ition above the sea. 

, consisting of entire numbers, as contrasted with fractions. 
'e, a distance of one thousand metres (sec Metre). 
See Geographical Mile. 




I Difference ef, in traversing called latitude for shortness, is the 
ing or southing of the base line (see Co-ordinates and TraveiseV 
(Temutrial), the sjjhcrical ilislance K}tt Sp\i«vcsW!i\*aj&.tit>i 
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between the equator and llie posidon of the observer, mtmt 
north and M>ulh upon a meridian of longitude. It is ccpresenl 
liy BC, Fig. 1*9- 




*j, in telescopes a circular glass, truly ground to a suriace of I 
curvature which causes the rays of light passing through it to 
ic/racled at anglts wh\c\\ mecV m a. toTOwtjt. Miit.re. 



a celestial body means the csLreme edge of the circunifei-eiii;e, 

■which the ohservation is laken. 

a. theodolite is the vertical or horizontal portion of the instru- 
<i« Chapter IX.). 
fis ^Terrislrial) is the spherical angle at the pole {j« Spherical 
ej between the plane of the meridian of Greenwich (iiM Meri- 

Terrestrial} and that of the meridian of the place of observation. 

the angle ANC in Fig. 129 is the longitude of C west of ' 
ciwich when AEND is the meridian of Greenwich, and is 
ttred on any of the parallels of latitude in angular measure. 
-^ in the 6gure that though the small circles of latitude give the 

arc of a circle as the equator, and consequently the difierence 
^gitude, they do not give the tttie spherical distance — that is 
phcrical Distance), the arc of a great drcle which is the flattest 
r and consequently the shortest distance between any two points. 
••^ Interval is the time that elapses each day lietween the 

ti of the moon over the meridian and high water. 

'■xiance of a planet from the sun is the mean of the perihelion 

'I>heliDn distances, which see. 

^rrti. Instead of correcting the watch daily to keep apparent 

'.s^ee Apparent Time) the average length of a solar day throughout 

'^ar is calculated and termed a mean solar day. Both civil 

l^tronomical time are kept in this way (see Civil Time and 

'i^omical Time). The corrections by which to obtain it from 

"V-ed apparent time are given in the almanacs and called 

-ion of time. Mean time is the only possible method of regnlat- 

lieby the sun and yet keeping it uniform {see Standard Time). 

"», Celestial. The observer's celestial meridian is the great 

5 of the celestial sphere passing through the zenith — the pole, 

'Oith and south points of the horizon, and the south pole. Its 

e is therefore at right angles to that of the prime vertical, and is 

«i by ZHNR in Fig. 127. 

the celestial meridian of a star is a semicircle of the heavens 

ch passes through it. 

o« \DiitarKe). See Hour Angle. 

bn, SfagneliCi is the line of direction of Ihe couipa^ needle {see 

ffipass) produced by the magnetic polarities of the earth. The 

ES of equal magnetic variation do not even approximate to great 

des of the earth's surface, although the magnetic poles approximate 

Dodtion to the terrestrial poles. 

!jw». Terrestrial, is a great circle of the earth's switaCK ^itKscut. 

jugh the north and south poles and 0\e 'pVate. lA dcaeiit&mx- 
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Every place has its meridian, but certain ones are chosen by the 
several sea-going nations as the basis of their calculations of 
longitude, such as the meridian of Greenwich, of Paris, of Washing- 
ton, of Lisbon. A conference was held two years ago with a view 
to adopting one for the world, hwX. no agreement was come to. 

Metre, the French standard measure of length = one ten-millionth of 
the distance from the pole to the equator as measured by earlier 
astronomers = 39*37079 British and American inches. It is about 
I inch longer than the seconds pendulum. 

Micrometer (Gr. mikros^ small ; metron, a measure), an instrument for 
measuring small angles or distances {see p. 317, Chapter IX.). 

Mile {see Statute, Geographical). 

Moon-culminating Stars are certain stars which lie close to the moon's 
path through the heavens, and from this cause furnish a ready 
means of obtaining, at their culmination, the difference of local time 
at any two places, and hence the longitude. The interval between 
the culminations at Greenwich is obtained from the * Nautical 
Almanac ' by the difference in right ascension of the moon and star. 
The interval at place is found by watch, and the diflference between 
the two intervals is proportional to the difference of longitude. 

Nadir, the point in the celestial sphere at the opposite extreme to the 
zenith. 

Nautical Mile, See Geographical Mile. 

Nodes (Lat. nodus^ a knot) are the points of intersection of a planet's 
orbit with the sun's path or ecliptic. The * ascending node ' is 
where it crosses the ecliptic from south to north, and the descend- 
ing node the opposite point. 

Obliquity of the Ecliptic. See Ecliptic. 

Occultation is the disajjpcarance or hiding of a celestial body by the 
intervention of another. Thus the stars in the moon's path are 
occulted by her, and the satellites of a planet by the body of the 
planet. 

Optical Axis in instruments is the line joining the centres of the true 
spherical surfaces of the lenses. 

Orientation, the general direction of a chain of triangles, or the placing 
of a plane-table or similar instrument so that it will preserve the 
same line of direction. 

Parallax {see Fig. 121, where the parallax in altitude is shown 
as angle SOI. It is the difference of altitude which would exist 
between two simultaneous observations of the same star by two 
observers, one stationed at the earth's surface and the other at its 
centre). AW ca\cM\al\ows of celestial bodies are reduced to the earth's 



te, and iheiefore parallax isalwrtystobeinlderl. Away W keep 

^Btiemoty is lo think of the earth's cenlre as our Inte place uf 

o that being raised up too high by an amount equal 

e earth's radius we see the body too low. 

bWhen the body is in the zenith the angle of parallax, as wiH be 

B by inspection of Fig. [21, is eliminated. It is at a maximum 

1 the body is on the horizon, where it is termed horiiontal 

and the table for its values for different bodies and at 

seasons is given in the almanacs logetlier with a table for 

id's parallax in altitude. 

r, Equatmial. In Ihe ' Nautical Almanac' the equatorial of 
it radius of the earth is used for computing parallax % so wheQ 
t accuracy is sought the equatorial parallax must be again re- 
rection for latitude. Only thesun, moon, and pUnets 
'C parallax. The fixed stars, being at too vast a distance, have no 
iable parallax except in a few instances, where the parallax i) 
Eured by assuming as a base not the earth's radius, but Ihe 
Ineter of the earth's orbit round the sun, 

in Altitude. Given the horizontal parallax of a celestial body 

:s altitude, to find Its parallax in altitude. The sun's pamllax 

Wtitude is given in a table, because Ihe variation is sensibly 

mt, but the horizontal parallax of the moon is deduced by the 

iwing rule : 

Let P =the horJEontat parallax 
P' - the parallax in altitude 
A =the apparent ahitude 



nP : s 



\og sin P' - log cos A + log sin P - la 
a telescopes, the apparent dancing about of the cross hairs when 
is shifted about during observation. It arises from the eye- 
s not being correctly in focus. The cross hairs should be clearly 
ii by moving the eyepiece 



5e). 

tihetien (Gk. peri, 
{see Aphelion). 






rth), the converse of apogee {si 
ihe sun], the converse of aphelioi 



the Great Bear, Ursa Major {see Fig. 122), 
familiarly the Waggon and Horses. The former of them U also 
called Dabh6. The seven principal stars ot Au* ctroaXE^iaSlv™. -it 
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all that arc commonly known as belonging to it, but there are many 
iiKjrc. These api)ear to revolve round the pole without in oar 
latitiulcs even touching the horizon, the pointers maintaining all the 
while their direction towards the pole star. 

Polar DistaUiC is the arc of a celestial meridian piassing through a 
celestial Uxly measured from the pole to the body. In the northern 
hemisphere it is the complement of the declination when that Is 
north, and etjuals 90° + the declination when it is south. In the 
.southern hemisphere the polar distance, i.e, distance from Xht south 
pile, is vice versA. 
Pole (Or. poled ^ I turn) {Celestial) ^ the intersection of the earth's axis 
when produced to the celestial sphere. The apparent unchange- 
ableness of this point renders it the basis of all astronomical mea- 
surements. The point does actually change from year to year, but 
not with sufficient rapidity to enter into daily calculations of latitude 
and longitude. 

Pole ( Tetrestrial)^ the two points north and south forming the apices 
of the axis of the earth's rotation (N, S, Fig. 129). 

Pole Star is a star of the second magnitude near the celestial pole in the 
end of the tail of the Little Kear ; it is called either a Ursae Minoris 
or Polaris ; its right ascension for 1890 is i hr. 18 min. 29*1 sec., 
its declination 88^ 43' 18" N. Fifty years ago it was R.A. i hr. 
2 min. 10-683 sec. and declination 88° 27' 2i"*94 N. ; it is therefore 
travelling (in appearance) slowly towards the celestial pole. 

Precession of the Equinoxes is a slow retrograde movement of the equi- 
noctial points, due to the attraction of the sun and planets \su 
Aries, First Point of). 

Prime Vertical is the great circle of the celestial sphere passing through 
the zenith, east and west points of the horizon, and the nadir. Its 
plane is therefore at right angles to that of the meridian. It is 
shown as ZCN in Fig. 127. 

Primitive, the great circle upon the plane of which a stereographic 
projection is made. 

Qucuirant (Lat. quadrans, a fourth part), the fourth part of a circle. 
An instrument so named was used in taking altitudes before the 
introduction of the sextant. 

Radius Vector (Lat. radius, a sunbeam ; vector, a bearer), the 
shortest distance from the centre of the earth to the centre of the 
sun at any point of the earth's orbit. Has also the meaning of 
radius of curvature to any curve other than a circle at any particular 
point in the curve, swcYi as iVvt ^Hsxsvxvc^ ^xom the centre of the 
earf h to any point upon its s\>\vexo\^^V ?,>rA^xi^. 



Glossary 



40; 



s the difference between the height of high- and low- 
t levels of any one tide withoQl any reference to datum. Is 
btermed height of tide. 
" n (Lat. refrangire, to benrl] is the bending of the ray of light 
Eding from a celestial body when passing at an angle from the 
» ether, or whatever the medium may be, into our denser atmo- 
cakts bodies appear higher than they are, and the wr- 
it is gi^-en in Chambers's ' Mathematical Tables," 
litaker, &c. It is always to be deducted. In con5e<]uence of 
jtlaiiV all bodies appear to rise earlier and to set later than Ihey 
my do, with the sole exception of the moon (s/e Amplitude]. If 
B lay of li^t were passing from a dense into a rarer medium it 
'd be bent the opposite way. A simple but entirely unphilo- 
lical and somewhat grotesqtie w ay of remembering the i/irMien ill 



fph the ray is bent is tn imngine the pencil of liyhl ns a lung thin 
d bending down with the weight of the star at Oie end of it. 
in a vertical position it will not deflect either way, but the 
e the angle of depression the greater the deflection. The 
■n of the ray as it reaches the eye, or line of sight, is where 
Kq« sees the star ; but its true position is below that, at the end 
rved pencil of light ; so thai we must deduct the correction 
Ifefraction from the observed altitude. It is just the same for 
s, at whatsoever distance they may be. It depends entirely 
I the angle and density of the medium, and the tables give 
" r difference of barometric pressure and temperature 
X close calculation is required. It varies fromo' when the body 
n the zenith to 34' on the horizon. 
Jitgit Aicinsiolt of a irelestia! body is analogous to the longitude of a 
f MUGstrial position. It is the arc of the celestial equator measured 
from a meridian passing through the flrst point of Ariea to a 
meridian passing through the celestial body. The first point of 
Aries has nothing in particular 10 mark it in the tieavimi, ■,\Vw.>S«. 
vema] equinoamlpoml which in thelimeaoi l.\w 
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was actually situated in Aries, but, owii^ to the precessioii of 
the equinoxes. Is now in another constellation altogether. It is 
quite an imaginary point upon the celestial equator, chosen, like 
the f*l>scr\ator)* of Cireenwich in terrestrial cakmlarions, as a 
fiducial point from which to map the stars. Fortunately for astro- 
nomers there has not been the same display of naticmal feeling 
in the selection of a celestial meridian as there has been about the 
choice of a common terrestrial meridian, so there is but one. The 
right ascension is reckoned from west to east, and is expressed in 
hours and minutes, the 360° of the equator being 24 hours [» 
Sidereal Time). The celestial semicircle which crosses the poles . 
and the first point of Aries is called the vernal equinoctial cdoK, 
and its opposite semicircle the autumnal equinoctial colure, because 
on March 21 and September 21 or thereabouts the sun's path (^ 
Kcliptic) intersects the celestial equator. The sun has then no R.A- 
and no Decl. , and day and night are equal all over the world [itt 
Equinoctial). 

Rise of a tide is the height of the high-water level above the low spring 
datum. 

Satellites Lat. saUikSy o. companion), the little bodies which revolve 
round the ])lanets. 

Sea Mile. Ste Cjcographical Mile. 

Semi-diameter of sun and moon is half the angle subtended by the 
diameter of the visible disc ; it varies according to the bodies' 
distance from the earth, and values are given in the almanacs ; by 
it observations of the upper or lower limb are reduced to the centre. 

Sextant (Lat. sextans, a sixth part), an angular reflecting instrument for 
making celestial observations {see Chapter IX. ). 

Sidereal Time. If a star is watched passing any fixed point, such as the 
line between two perfectly straight vertical rods, on successive 
evenings by a correct watch, it will be seen to pass them 3 min. 
56 sec. (more correctly 3 min. 55*91 sec.) earlier each evening. 
This movement is perfectly regular, and means simply the time of 
one complete revolution of the earth upon its axis. Sidereal time 
is needed to find the time when any star will culminate, and to 
correct watches or chronometers, which may be done by a transit 
instrument to a fraction of a second. 

It would be of no use as civil time, because the time would keep 
dropping back. Sidereal time commences when the first point of 
Aries is on the meridian of the place {see Right Ascension), and is 
counted through 2^ \vomts \3iiv\.\\ x^cve^ ^.'sotv^ ^\xv\. ^.cwxves round again, 
It is a shorter measure oi Wme \\v^xv mea-xv \:\tsv^^ 
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TUf hrs. of siderenl time = 13 hrs. 56 min. 4 '0906 skc. of 11 
Eime, and 24 hrs. of mean time = Z4 hrs. 3 iiiin. 56-5554 sei 
tidereal thnc. 

SidereflJ lime at mean noon is the heading of a column in 
Nautical Almanac Ephemeris, and also in Whitaker. 

In the American Nautical Almanac the same thing is ten 
sidereal lime, or right ascension of mean sun. 

In Chambers's • Malheniatics ' it is called Ihe sun's mean right J 



All these names are suliicicntly reasonable, but such a diDeretice I 
of nomenclature is confusing lo Ihc beginner, who has !iome difficulty | 
in grasping the thought of a ' mean sun.' 

We will confine ourselves to the first -mentioned expression and 1 
endear-our to put it in popular language. 

Everybody knows thai the sun appears to go round the heavens ' 
once a day and once a year, owing to the earth's daily re 
annual orbit. 

The bud's yearly path is indicated by different stars appearing '1 
at sunset at one time of the year from another. At sunset in March f 
the brilliant constellation of Orion is nearly overhead. In Jlir 
is the sun's liedfcllDw, so we do not see it at all. 

The starling-point of star-measurement {stt Kighl Ascension) is 
an arbitrary point in the heavens called the first point of Aries, 
situated in a semicircle which is termed the vernal equinoctial 
colure, because the sun is always there at spring-lime. 

This starting .point is nuirked 14 hrs. or o on the celestial 
globes, and it is also the commencement of sidereal time at any 

When the first point of Aries is on the meridian of any place it 
is sidereal noon, just as when the sunis on the meridian it isapparent 
noon. Hence in the American Nautical Almanac there is a 
column headed 'Mean Time of Sidereal Noon.' In the British 
Nautical Almanac it is termed ' Mean Time of Transit of First Point 

Sidereal lime is a perfectly regular measure of time like mean time, 

Why, then, do we use it at all ! Because the sidereal lime at mean 
noon given in the almanac enables us to tell when any star will 
culminate, as will be presently sliown. 

Why do we not use it exclusively! Because it does not keeg 
with the sun. We should have to pw. ovw \«e*iii»iX Vww p 



i^y*a 
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eveiy ixyirning if me kept sidereal time, and sxv Mooday at 8, 
Tuevlay at 8*04. Jcc, or else we shoald soon be breakfiudng at 
mi'Inigh:. 

If a «tar ha-i a K. A. of 24 hours, like the secood star of Cisi- 
o[jein nearly {see Fig. 122. it will cnlminate at sidereal noon. If i'^ 
R.A. \s I hour it will culminate i sidereal hour afterwanis, ace 
VI •!!. I fence we can fmd the mean time of any scars caiminati'jc 
\rj ad'lin^ it^ right ascension reduced to mean time to the meantiae 
of ^iilereal noon given in the almanac j'.e Figs. 131, 132). 

Thus : Find the mean time of the culmination of a star in 
4 hrs. R.A. on May 18, 1889. 4 hrs. sidereal = 3 hrs. 59111111. 
207 sec. mean time, which is the inter\*al between the passing of 
the first iK>int of Aries and the star across the meridian. 

Hut sidereal nrx)n by the almanac was at 20 hrs. 1 5 min. io*46sec. 
mean time on May 17. Adding the R.A. in mean time, we have 
o hr. 14 min. 31 '16 sec. as the mean time on the i8th of the star*^ 
culmination. 

Or we may «lo it in another way. The sidereal time at mean 
in Kin on May 18 is given as 3 hrs. 45 min. 26*47 sec. This repre- 
-.cnt^ the interval of sidereal time between the culmination of the 
tir-i point of Aries and mean noon. But the sidereal interval 
Ixtwccn the fir.'.i point r)f Aries and the star is 4 hours. Therefore, 
if wi: deduct the one from the other we get the sidereal intenral 
14 mill. 33*53 sec. from mean noon. This reduced to mean timei> 
the .«>amc as we had l)efore, 14 min. 31 '16 sec. 

The two rules are therefore as follows : — To find the mean timi 
of any star's culmination at any meridian. 

Rule I. To the mean time of sidereal noon on the previous day 
or the jjiven day add the star's right ascension reduced to mean 
tiiiu'. 

(If the two quantities make more than 24 hours take the previous 
day, if less than 24 hours take the day itself.) 

Rule 2. From the star's right ascension, increased if necessary 
by 24 hours, deduct the sidereal time at mean noon : result will be a 
sidereal interval which reduced to mean time will be the answer. 

Wluii the meridian is not the same as Greenwich the mean 
time, apparent time, or sidereal time have all to be corrected 
for the difTerence of longitude reduced to time, as explained on 
p. 136. 

It is, no doubt, with the object of making the matter clearer that 
.sidereal lime at mean nooii \s ex^t^^"5.^^ va. ^orcfts. b^oks as the mean 
Ti\^i ascension of mean sun. Oive *\^ xo\^ \.q Va\^\iR. ^ 'sms. ^NsnsSo. 



keeps mean time in its movements, and whose right ascension 
therefore be the sun's right ascension plus or minus the equatio 



SiiKC the right asceiisiofi of any body is sytumyiiimu wi/h tits 
sidereal time of its culminatian, ihe right ascension of this imaginary 
fiun when on the meridian — thai is, al mean noon— is liiesamelhillg 

There is not, however, any such thing really as apparent dght 
ascension or mean right ascension ; it is only a hyperbole for con- 
veying the twofold idea of the real sun keeping apparent time uit] 
an iniBginary aim keeping mean lime. ' 

It is important not to conranncl the expression ' the sun's meao 

at mean noon.' The latter only differs by one ur two seconds from 
its right [Lscension at apjtarent noon — thai is to say, it is the difference 
of right ascension which the sun has made during the interval re- 
presented by the equation of time — whereas the sun's mean right 
ascension, or sidereal time, at mean noon is the position of an 
imaginary sun whose right ascension always differs from that of the 
true sun by the equation of time itself. 

This explanation has only been added becauseof the dlfferenceof 
nomenclature. The term ' sidereal time at mean noon' is sufficiently 
inlelligible for our present purpose without introducing the idea of 
two kinds of right ascension. 





c. Mean Time, 



31.— Podtlonofihe 

ne, May iS, anij 1,'tiis. Sidereal 



The ' mean sun ' of the foregoing example is shown in the figare 
close to the star ; but 14 min- ol^S sec. ahead. 

Note. The position of the heavens in these \.vo ?v{?. \a «& '?m^ 
w(iu/dflp/)ear;ntiiesoulhern hemisphere, ■«'neie(,\n;' 
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\\ \r> thf tz-tfih.. The prxmiti've u» :hje frfip cic- Tb* *3nifvsasEsa.5x'5ns 
tmri^l^Kr.m: nu. zhaz chi* tkritrh pr-juu xcii £rsc pome of Aosnis^ 
Uf'h hir at rhe !r^ of :be paper, i.i bcso^ pe^sps uxor cesSrim^- 

When the eqaatirjo of time xz tnesc zijoa b m?tTikT»t^ s ac 

after clock ... , £ij£fir t£taui 

' . » mew tunc h tha-. naxh ~^ ^ lir incatroic tnne: 

fief^c ckxrk d^w^r than 

ami ^i'icreal time at mean noon is that much :bt sasLi 

ixifoce than 

ri(;ht a<tcen5»ion at mean noon. In die illiistrzriaci jost gcf\at :be 
frpintion of time wx< 3 min. 46*69 sec * beSorc cl3c£:.* and the sc*> 
ri(;ht .mcension at mean noon was 3 hrs. 41 min. 39~7^ sec, viuh 
.vid<-rl trj^cther make 3 hr&. 45 min. 26-47 ^^^-^ which is xkcacaal 
time at mean mjon. 

To reduce siderctd to nuan timi inUrvals by sliJi ruU : 

Hacc thcright-hand i of the slide over the 9-S3 of the rule, andfof 
hour» ami decimals of fddereal time on the slide read off seconds 
and dccimal.H on the rule, which are v^^i^ deducted hom the sidocal 
interval to obtain the mean-time interval ; thus 2-50 hrs. sidereil 
tiirw * 2 hrs. 30 min. is opposite to 24-6 seconds to be dednctei 

To rolut I' mean to sidereal time intervals by the slide rv'u : 

Place th<: right-hand I of the slide over the 9*86 of the nde.and 
for hours and decimals of mean time on the slide read off secondsand 
dfcirnaK on the rule, which are to be a^.ti^f/to the mean-time interval; 
iliu . 6-50 hours mean time arc opposite to 64*1 sees., or i min. 4'i 
-.cr^. to bf added. 

To reduic sidereal time at mean noon at Greenwich to sidcna^ 
linii' at hi a! ineau noon hy slide rule : 

ICxpresR the dific-rcnce of longitude in hours and decimals. 

Adjust the rule with a I of the slide over 9*86 on the rule, and 
for hours of dificrencc of longitude on the slide read the correction in 
'M-conds and decimals of sidereal time on the rule. 

l'\\(iwf^h\ What will bf the sidereal time at mean noon in New 
V«»ik, Ion. 74' \V., it l)eing 16 hrs. 41 min. ii sec. at Greenwich? 

Thr Ion. in time is 74 x 4-296 min., or 4*93 hrs., which being 
\V. is the amount /W/7>i^ Greenwich. 

Sid. time, mean noon, Greenwich . iC** 41" ii* 
4*93 hrs. x 986 sec. . . .— o o 48*6 



Sid. time at mean noon, New York . 16 40 22*4 
Sif^fis of the Zodiac arc twelve symbols denoting the constellations suc- 
cessively traversed by iVve smtv \iv\v\^ ;5c^^^\^tv\. ^ksvxjA ^:.\xoi.\t of the 
ilMvcns. They arc as ioWovjs >n\x\v \\ve svxxvH ^$o'sv<vsvx\xwS5e«x^v 



Gfnssaty 



K. tliL> Ram 
^ the Bull 
i, tlie Twins , 
:, the Crab 
If the Lion . 
I, the Virgin 
rijbra, the Scales 
i'_,Scorpio, ihe ticorpiun 
Sa^tlaiius, the Archer 
, CapricomuE, Ihe He-Goat. 
Aquarius, the Wateiinan . 
Pisces, Ihe Fishes 



. Mmch 20 lu April 20 
. April 20 tu May 21 
. May 21 to June 21 
. June 2, to July 22 
. July 22 to August 23 
. August 33 to September 23 
. September 23 to October 33 
. October 23 to November aa 
■ November 22 to December 31 
, December 21 to January 20 
. January 20 to February 18 
. February 18 to March 20 



The signs of the zodiac are supposed lo be Chaldi^an or Egyptian 
hieroglyphics, intended to represent some occurrences peculiar lo ihe 
month in which the sun occupied each of the constellations at 
time. Thus the spring signs show productiveness of nal 
When the sun is in Libra the autumnal equinox takes place, wht 
the origin of that title is evident. Explanations more or less likely 
are given to all the rest of them. 

Small Circles of a sphere are those whose plants do not pass through lis 
centre, such as the parallels of latitude (Fig. 129]. 

SbMuc (Lai. sol, the sun, and store, lo stand), the two periods, June 3] 
and December 21, when the sun's declination is temporarily con 

£inith. To. See Culmination. 

'Sfhtre, Celestial, is Ibe apparent vauU of the heavens supposed t( 
be viewed by an observer at the centre of the earth, in which the 
heavelily bodies appear to lie situated and upon which their rcIatiTe- 

, positions or movements are determined by measurements of spheri- 
cal distances taken froiu arbitrary but Rducial circles and points 
supposed to be drawn upon the surface of the sphere like the m 
dians of longitude and parallels of latitude upon tlie terrestrial mi 

Sfkerical Angle is that formed at any point upon a sphere by Iwo gi 
circles intersecting there. It is measured by the inclination ofdielr 
planes or by the angle between the tangents to the circles at 
point of intersection. Thus the spherical angle NZA (Fig. 133) may 
be measured by the angle NOA between the planes, or by thtfangle 
TZT between the tangents, or by the arc NA of the great circle 
whose plane is at right angles to those of the two intersecting planes.' 

Spkeriial Distance is the arc of a great circle (see Great Circle) paaaog 
through two points which is inteicep^iCA \ieWietti 4«ro^ »i 
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I'Z in Fig. 127 or as NA Fig. 133. It is the shortest distance 
u)xjn the spherical surface between any two points. 
Stafuiard Time on the continent of America is a form of keepii^ mean 
time {i€c Mean Time) by which there are no variations except those 
f>f nn even hour nt a time, since 15^ of Ion. correspond with one 
hour's riiffercnce of time. The time of every fifteenth meridian, be- 
j^inning at New York with the 75th and ending with San Francisco on 
the 120th, rules the belt for about 74° on each side of it The conve- 
nience of railway systems causes in some cases the overlapping of the 




Fig. 133. 



times, so they are distinguished by the following terms: Intercolonial 
time, Eastern time. Central time, Western or Mountain time, and 
Pacific time. The first mentioned is time of the 60th meridian and 
is used in Nova Scotia. 

Statute Afilc, the British and American standard of long measure; 
it is equal to 8 furlongs, or 80 chains (Gunter), or 320 rods, or 
1,760 yards, or 5,280 feet, or 63,360 inches. It is also equal to 
0'8687I9 of a knot {sec (ieographical Mile) and 1*609315 kilo- 
metre. 

' Scini-mcnsual inequality of heights ' is the difference between the 
heights of spring and neap tides above mean water-level. 

* Sonii-mcnsual inequality of time' is the difference between the greatest 
and smallest lunitidal interval. 

Supplement^ the difference between any angle and a semicircle. 

Tachcometcr (Gr. tacheos^ swiftly, and metreo, I measure), same as tele- 
meter, but exclusively applied to instruments furnished with tele- 
scopes. 

Telemeter (Gr. /f/f, far off, and me/ no, I measure), an instrument 
for measuring distance nv\V\aov\\. dx^mwv^. 



mSee Apparent, AsUonumicnl, Civil, Mean, Sidereal. 

" 1 land-surveying is used in comradisiinction id trinnEu- 
n {see Triangula.tion). It is th^ method uf surveying by n 
miring base lines in length and angular direction conlinuously for- 
ward, whereas in trianguktion the lengths are computed by txigo-. 
[lunnetry or graphic construction. 
I dosed traverse is one in which the base lines box the compass back, 
to the slarting-point {see Course). 
Working a traverse ' i^ the reduction of the angular base lines t( 
rectal^lar co ordinates of latitude and departure {see Latitude, 
ajid Departure]. The term is also largely Used in navigation, 
yiaHgulatieii in land-surveying is the determination of points by U 
intersection of rays talien from the ends of a base of known length.* 
It is the fonnilation of geodetic operations of large CKteot as weD as. 
the most cursory Held- sketching with a skeLch- board. It is the 
principle of all range-findeis and telemeters ami of the whole science 
of surveying. It is hardly ever used without traversing as well. In 
primary triangulalion for geodetic survey the detail is filled ii 
traveling (see Traverse), and upon a route survey traverse the detail 
is sketched from Iriangulation. So the two principles dovetail into 
IT one another, taking alternative forms according as accuracy c 
I despatch is the main point aimed at. 
^.Zenith \s thai point in the heavens which is directly overhead. J 

would be Ihecelestialpole if theobserver werestandingat theearth's 
I pole, and on the celestial equator if he were crossing the ' line.' 
ZXaiilh Distance is the coaltitude or complement of the altitude. I 
[ Fig. \^^ it is indcated by SZ. 

\Badiat {Cr. lone, a girdle), a belt of the heavens extending 3° on 
either side of the ecliptic, within which the sun, moon, and the 
major and many of the minor planeu perform their annual revolu- 
tions {see Signs of the Zodiac). 
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